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Executive Summary 
Oak Orchard Creek is on New York State’s “303(d)” (1972 Clean Water Act) 
list of impaired water bodies. Waters designated as 303(d) do not meet water quality 
standards that states, territories, and authorized tribes have set for them, even after 
point sources of pollution have installed the minimum required levels of pollution 
control technology.  A 303(d) designation may require the eventual development of 
Total Maximum Daily Loading (TMDL) for a watershed as a mechanism of managing 
nutrient losses from a watershed.  Funding was received by the Orleans County Soil 
and Water Conservation District from the Environmental Protection Agency to 
implement actions that address point and nonpoint sources of nutrient loading to the 
creek and Lake Ontario’s coastal zone.  Thus, the intended use of the funds received 
was to support the coordination and acceleration of implementation of management 
practices for nonpoint source pollution, adaptive management strategies, and 
investigations identifying sources of nutrient pollution.  Within the Oak Orchard Creek 
watershed, the specific goal of prevention and reduction of water pollution in the 
coastal zone of Lake Ontario is through watershed management, aquatic ecosystem 
restoration, and nonpoint source management.    
In this report, as a result of a contract with Orleans County Soil and Water 
Conservation District, The College at Brockport provides evidence indicating the 
identity, the location, and the intensity of pollution sources in the Oak Orchard 
watershed, compares Zone Tillage with Conventional Tillage practices, and develops 
an annual nutrient budget for Oak Orchard Creek as a basis for development of a 
Total Maximum Daily Load (TMDL).  What follows is a synopsis of the findings. 
Annual Loading of Nutrients and Soil to Lake Ontario: 
Valuable soil and nutrients are being lost from the Oak Orchard Creek 
watershed, mostly from nonpoint sources, and are being delivered to the nearshore 
region of Lake Ontario.  Of the five creeks (Oak Orchard, Johnson, Sandy, 
Twelvemile–West and Twelvemile –East) in Niagara and Orleans County that have 
been evaluated for annual losses to Lake Ontario, Oak Orchard Creek is delivering 
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the largest amount of water, total phosphorus, nitrate and total Kjeldahl nitrogen per 
day.  Data from the Lake Onatrio Nearshore Nutrient study suggest that the water 
quality of the nearshore of Lake Ontario, especially east of the mouth of the creek, is 
impacted by Oak Orchard Creek (Figs. 4 to 6).   
 
Location of Sources of Pollution: 
 
Seven areas in the Orchard Creek watershed were identified as sources of 
nutrients (phosphorus and nitrogen), soils or sodium. Maps, including a summary 
map (Figure 62, page 124), are included in the text to locate these areas. 
Concentrations observed in Oak Orchard streams are provided below.  As a 
comparative reference point, concentrations observed in the nearshore of Lake 
Ontario are provided in Table 9. 
 The Mucklands (Sites 33,34,35,36,37,38,38a,39; Figs. 62 and 63):  This is a 
relatively small area (5000 acres) but delivered elevated levels of total 
phosphorus (e.g., 5 to 12 mg P/L), soluble reactive phosphorus (e.g., 1 to 2 
mg P/L), and nitrate.  At times, most of the phosphorus that is being lost is 
only in the soluble form.   The northern portion of the muckland is delivering 
higher levels of phosphorus than the southern portion.  Nitrate concentrations 
from the muckland are also high – often in the 3 to ~28 mg N/L range, while 
TKN values as high as 37 mg N/L were observed.   However, the muckland 
itself is at times receiving higher levels of TSS (e.g., 240 mg/L on 1 December 
2006) from the CAFO operations southwest (Site 40) of the mucklands.  
 
 CAFO Site I (Sites 40, 40A, 40B, 40E; Figs. 62 and 64):  These sites are 
generally southwest of the Village of Elba.  Elevated levels of SRP and TP 
were observed within the segment from Site 40B to 40A. Levels of N were also 
high on several occasions.   For example on one date, concentrations of NO3  
increased toward the southwest from Sites 29 (5.89 mg N/L) to 40 (5.46 mg 
N/L) to 40A (8.04 mg N/L) to 40B (10.08 mg N/L).  Similar results were 
observed on other days, and for total Kjeldahl nitrogen a concentration of 
2,179 µg N/L was observed. On some occasions, losses of soil to downstream 
systems was evident (e.g., 240 mg/L on 1 December 2006).    Three CAFO 
operations and ~ 5000 head of cattle exist in this area.  
 
High levels of sodium, a component of deicing salt, were observed in this area. 
We do not know the origin but did speculate that it may be from the NY 
Thruway as our Site 40B is only two miles from the Thruway (Fig. 1). 
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 CAFO Site II (Sites 23 and 44; Figs. 62 and 65):  Located in the general area 
of Lockport Road east of Albion Road, this area is obviously in agriculture. 
Elevated levels of SRP, TP, TKN, NO3, and TSS were observed in water 
draining from sub-watersheds in this area.  
 
 Small Farm (Sites 6, 6A, 6B; Figs. 62 and 66):  Located at Yates-Carlton 
Townline Road, a small farm is locally affecting water quality at times.  For 
example, elevated levels of P were observed downstream from the farm at 
Site 6A (SRP=171.6 µg P/L; TP=300.0 µg P/L) compared to Site 6B upstream 
of the farm (SRP= 28.7 µg P/L; TP=68.4 µg P/L). Similar results were 
observed for TSS. The farming operation, albeit small, does have an impact 
on Oak Orchard Creek. 
 
 Food Processing Plant (Sites 42b and 42 series; Figs. 62 and 67):  Permitted 
spreading of food processing wastes (NPDES permit #NY0063681) occurred 
in the nearby fields.  This location is in the Village of Oakfield, the west branch 
of the creek that runs to the north of a food processing plant is a source of 
phosphorus to the Site 42 segment of Oak Orchard Creek.  For example, SRP 
concentrations as high 2,228.3 µg P/L were observed at Site 42B6 in the 
headwaters that collects runoff from the fields adjacent to the plant. Stream 
nitrate (2.02 mg N/L) and TKN (6,982 µg N/L) concentrations were also 
elevated (Site 42B4) adjacent to the food processing plant.   This plant and its 
handling of waste materials is a likely source of nutrients and organic nitrogen 
to Oak Orchard Creek. 
 
 Gravel Road Upland Farms (Sites10, 12, 46, 47; Figs. 62 and 68):   Whether it 
be N, P or soil, levels were higher at the bottom of these sub-watersheds than 
above. This suggests a nonpoint source in the watershed. For example, Site 
47 (Scott Road), upstream from Site 12 (Gravel Road), had elevated levels of 
TP (1,147 µg P/L) and SRP (341.5 µg P/L); the downstream Site 12 (TP= 
282.5 µg P/L, SRP=161.1 µg P/L) had lower levels. Similar results were 
observed for TSS and TKN. This area is mostly in row crops and orchards. 
 
 Benningstool Creeks (Sites 21, 21A, 21B, 21C; Figs. 62 and 69):  This area 
encompasses part of Judge Road and Route 63 and land use is primarily 
agriculture.  Site 21 consistently had elevated levels of N and P on several 
sampling days.  For example, on 9 March 2009 the highest TKN  
concentration in the Site 21 series occurred at Site 21B (3,207 µg N/L). This 
site drains a small farm south of Judge Road (Route 63). Nitrate 
concentrations also ranged from 1.57 to 3.13 mg NO3-N/L in the Site 21 
series.  P levels were also elevated.  This area is mostly in row crops. 
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Zone versus Conventional Tillage Practices: 
 
1. “Zone” tillage compared to “conventional” tillage practices reduces the amount 
of particulate fractions lost from the watershed.  That is, soil, phosphorus, and 
nitrogen that are bound or associated with soil particles are maintained on the 
landscape and not lost to downstream systems.   
2. In a surprising result though, “zone” tillage appeared to increase the amount of 
nitrate and dissolved phosphate in surface runoff water.   
Recommendations 
 A key goal of good stewardship practices and management of the land 
should be to keep soil and nutrients on the land to maintain soil fertility.  Such 
a goal creates a situation whereby soil and nutrient levels are maintained on 
the land, where they are needed, while soil and nutrient levels in downstream 
systems (rivers and lakes) are reduced where overfertilization causes over-
production of plants in streams and lakes or eutrophication.  
 
 Likely locations of sources of elevated levels of nutrients and soil loss within 
the Oak Orchard are identified. A visual inspection of these areas with 
landowners is suggested to pinpoint potential sources.  Discussions about 
developing Total Farm Planning practices should  begin if they have not 
already.  Cornell Cooperative Extension could be invited to participate. 
 
 Many of the nonpoint pollution sites within the Oak Orchard Creek watershed 
are a function of runoff.  In general, control of water movement can be a 
means of significantly reducing nonpoint source pollution, whether it be 
nutrients or soil. Since water must come in contact with the nutrient or soil 
source and then be transported to the surface (or subsurface) water body, the 
nutrients in our streams and lakes are functions of land use practices, soil 
fertility and quantities of transporting water.  Management practices should 
target  both field and barn runoff. 
 
 Identified point and nonpoint sources of nutrients and solids can be 
remediated using Best Management Practices (BMPs). Management 
practices, which reduce the magnitude of surface runoff, are recommended to 
decrease the magnitude of soil and chemical losses from land areas. 
Management practices such as buffer strips, sediment retention ponds, cover 
crops, zone tillage, contour plowing, timing of tillage practices and timing of 
manuring practices, where used, all can either reduce the erosive power of 
water running across the landscape or reduce the potential of nutrient and soil 
loss.  
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 A soil testing program, if not already in progress, should be instituted in row 
crop areas to determine the need for fertilization.   Such a program should 
consider using the P and N-Index developed by Cornell University that 
considers credits from manure use.   Fertilizer should not be used as an 
insurance program to maintain crop yields.   At Conesus Lake, farmers were 
able to reduce fertilizer use and maintain corn yields, saving thousands of 
dollars (Jacobs 2006a and b).  Also, articles titled “Nine Tips to Manage N 
Better” (Czymmek 2005) and “How Much P is Enough” (Ketterings and 
Czymmek 2005) provide a useful review of nutrient management issues that 
are applicable to the Oak Orchard Creek watershed. Farmers in western New 
York have reduced fertilizer usage and successfully maintained corn yields 
while saving money. 
 
 Loss of nutrients, phosphorus, and nitrogen, from muckland drainage waters in 
the Elba area to Oak Orchard Creek is impressive.  Onions are grown in these 
mucklands and are one of the major commercial vegetable crops grown in 
New York and are economically important to Orleans and Genesee Counties. 
Suggestions for reducing NO3 and PO4 in the drainage water are provided in 
the text. 
 
 Several large CAFO operations exist in the watershed southwest of the Village 
of Elba.  Large amounts of nutrients are being lost from the watershed.    Our 
current understanding is that there may be as many as 5,000 cattle within a 
few miles of Site 40.   Various traditional BMPs could be implemented in these 
areas.  However, the density of cattle suggests that the production of manure 
may be overloading the environment’s capability to assimilate it and thus 
nutrients are lost downstream.    With the density of animals, it may be feasible 
and economical to consider a manure digester system for the three CAFO 
operations.  Such a manure treatment system produces several components 
including bio-solids that can be land applied for fertilizer.  The other co-
generated product is methane gas, which can be flared off or burned as a 
green fuel for power generation or heat. Manufacturers claim a successful 
system is easy to operate, is cost effective, and characterized by consistent 
and significant reduction in total solids, production of methane rich biogas, and 
effluent with less odor, pathogenic organisms, etc.  A feasibility study through 
FLLOWPA should be considered that evaluates the economics and pollution 
benefits of such a system. 
 
 The process of spreading organic vegetable wastes at the Oakfield food 
processing plant should be revisited.  Their practices should be reviewed and 
revised,  perhaps under the NPDES permit.   Large amounts of nutrient and 
materials appear to be originating from this location. 
 
 The manure lagoon on the farm at Site 6A could be improved.  This appears to 
be the cause of the loss of some nutrients and materials when flows are high.  
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Also livestock currently have direct access to the stream. Fencing and a buffer 
strip may be a reasonable best management practice here. 
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Introduction 
Mitigation of soil and nutrient loss from the landscape continues to be a 
concern within watersheds of the United States and indeed worldwide. There are a 
number of reasons for this concern.  Depletion of agricultural soil is counterproductive 
to good farming practices and crop productivity.  Suburban, urban, and agricultural 
runoff and concomitant nutrient and soil loss to downstream aquatic ecosystems may 
produce undesirable effects including increased numbers of bacteria, algae, and 
macrophytes, increased siltation, and decreased aesthetics – in general, a 
deterioration in both surface (streams) and groundwater quality downstream resulting 
in cultural eutrophication of lakes and streams.    In western New York, restoration 
and remediation of the Oak Orchard Creek watershed (Fig. 1) and the nearshore 
waters of Lake Ontario into which this creek empties has been a goal for over a 
decade.  
The Orleans County Soil and Water Conservation District has monitored the 
waterways of Orleans County since 1997 in collaboration with the State University of 
New York at Brockport's Department of Environmental Science and Biology 
(Makarewicz and Lewis 1998, 1999, 2000, 2001a, 2003, 2005). SUNY Brockport has 
provided analytical services for water chemistry, consulting services on the direction 
of the monitoring program and interpretation of data. For example in 2001 and 2004, 
the Orleans County Soil and Water Conservation District and the Orleans County 
Water Quality Coordinating Committee focused efforts on Fish and Marsh Creeks - 
sub-watersheds of the Oak Orchard watershed.  In 2006, efforts were redirected to 
the entire main branch of Oak Orchard Creek. Here, a major goal was to identify the 
sources of nutrients, soils, and salts within the Oak Orchard Creek watershed. To 
accomplish the goal, point and nonpoint sources were identified through a process 
called segment analysis.  
 Oak Orchard Creek is located in the south portion of the Lake Ontario 
watershed, Orleans County, New York, and flows into Lake Ontario at Point Breeze, 
New York west of Route 98. Under section 303(d) of the 1972 Clean Water Act, 
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states, territories, and authorized tribes are required to develop lists of impaired 
waters. These impaired waters do not meet water quality standards that states, 
territories, and authorized tribes have set for them, even after point sources of 
pollution have installed the minimum required levels of pollution control technology. 
The New York State Section 303(d) List of Impaired/TMDL Waters identifies those 
waters that do not support appropriate uses and that may require development of a 
Total Maximum Daily Load (TMDL). Oak Orchard Creek is on New York State’s 
“303(d)” list of impaired water bodies. Funding  from the Environmental Protection 
Agency was received by the Orleans County Soil and Water Conservation District to 
implement actions that address point and nonpoint sources of nutrient loading to the 
creek in order to reduce nutrient and contaminant loadings to the creek and to Lake 
Ontario’s coastal zone.  Thus the intended use of these funds was to support the 
coordination and acceleration of implementation of management practices for 
nonpoint source pollution, adaptive management strategies, and investigations 
identifying sources of nutrient pollution within the Oak Orchard watershed. The 
specific goal of the project is the  prevention and reduction of water pollution in the 
coastal zone of Lake Ontario through watershed management, aquatic ecosystem 
restoration, and nonpoint source management.    
 Management plans that reduce nonpoint source pollution include a program 
that provides cost-sharing to purchase equipment and introduce zone-tillage in 10 
farms. A second management plan is the establishment of a Nutrient Management 
Plan for muckland farmers – a known source of nutrients to Oak Orchard Creek.  
Other actions include a segment analysis of the watershed to identify point and 
nonpoint nutrient and soil sources, the development of a monitoring plan that better 
defines problem areas to verify impairments related to agricultural nutrients, and 
measure the success of implemented nutrient/contaminant runoff controls.  In 
addition, this project was to develop basic technical information needed to begin the 
development of a Total Maximum Daily Load (TMDL) assessment for nutrients for 
this watershed with an ultimate goal of implementing a restoration plan for the Oak 
Orchard Creek watershed (HUC Code 04130001070), Orleans and Genesee 
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Counties, New York.  As such, the project engages local, state, and federal partners 
active in this watershed and builds on existing watershed strategies of the Oak 
Orchard Watershed Protection Alliance. 
Major Objectives of the project included:  
Objective 1: Increase the number of farmers using zone tillage and nutrient 
management plans.  That is, implement a series of Best Management Practices on 
individual farms in selected sub-watersheds with a goal of reducing the loss of 
nutrients and soil to Oak Orchard Creek due to agricultural practices.   
Objective 2: Evaluate the effectiveness of agricultural management practices and 
strategies in improving the water quality of streams and adjoining (downstream) lake 
systems. 
Objective 3: Develop and implement an extension/education program that will not 
only demonstrate the link between watershed-specific agricultural management 
practices and water quality improvement but will also educate the agricultural 
community and assist policy makers and managers in developing optimal strategies 
for water quality improvement. 
Objective 4:  Identify nonpoint and point sources of nutrients and sediments within 
the Oak Orchard Creek watershed through a process called “segment analysis.” 
Objective 5: Establish a long-term water quality monitoring plan. The long-term goal 
of the Oak Orchard Watershed Protection Alliance has been to develop a sustainable 
monitoring program.   
Objective 6: Determine nutrient loading and soil loss at an automated stream 
monitoring station (discharge and event sampling) for a period of one year and 
compare the results to previous years.   
This monitoring will allow verification of impairments and along with Objective 4 will 
allow identification of source(s) of related pollutants impacting Oak Orchard Creek 
(0301-0014) and resolve NYSDEC’s 303(d) listing of Oak Orchard Creek.   
Objective 7:  Develop long-term working relationships with the agricultural community 
based on sound science.  The long-term objective of retaining soil and nutrients 
within the watersheds will slowly lead to reductions in nutrients and soil in Oak 
Orchard Creek and will reduce nutrient and contaminant loadings to Lake Ontario 
coastal waters. 
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 The College at Brockport was contracted to conduct three of the above 
objectives of the OCSWCD project. These were: 
1. To identify nonpoint and point sources of nutrients and sediments within the 
Oak Orchard Creek watershed through a process called “segment analysis”; 
2. To determine nutrient loading and soil loss at an automated stream monitoring 
station (discharge and event sampling) for a period of one year; and  
3. To evaluate the effectiveness of agricultural management practices and 
strategies in improving the water quality of streams and adjoining 
(downstream) lake systems. 
DEFINITIONS 
Total Phosphorus (TP) - A measure of all forms of the element phosphorus. 
Phosphorus is an element required for plant growth on land or in water. In lakes, 
phosphorus is often the limiting factor of phytoplankton growth and is the cause of 
eutrophication, or overproduction, of lakes.  Phosphorus may enter a watershed in 
soluble or organic form from several sources including sewage, heavy-duty 
detergents, fertilizer and agricultural waste.  Some forms of phosphorus are more 
available to, and cause more immediate activity in, plants.  
Soluble Reactive Phosphorus (SRP) - A measure of the most available and active 
form of phosphorus. 
Nitrate + Nitrite (NO3+NO2) - A measure of the soluble forms of nitrogen used readily 
by plants for growth. Sources of nitrates in the environment are many and include 
barnyard waste and fertilizer. 
Total Kjeldahl Nitrogen (TKN) - The Kjeldahl method is a convenient method of 
analysis for nitrogen but cannot be used for all types of nitrogen compounds. It is, 
however, a good measure of organic nitrogen, including ammonia. Manure, for 
example, contains a large amount of organic nitrogen. 
Sodium  (Na) - A measure of the mineral, most commonly found as sodium chloride 
(NaCl), dissolved in water. NaCl naturally occurs in deep layers of local bedrock. 
Mined, it is stored and spread as a deicing agent on roads and other pavements.  
 
Total Suspended Solids (TSS) - A measure of the loss of soil and other materials 
suspended in the water from a watershed.   Water-borne sediments act as an 
indicator, facilitator and agent of pollution. As an indicator, they add color to the 
13 
 
water. As a facilitator, sediments often carry other pollutants such as nutrients and 
toxic substances. As an agent, sediments smother organisms and clog pore spaces 
used by some species for spawning. 
 
Total Coliforms are a group of closely related bacteria that are usually free-living in 
the environment but are also normally present in water contaminated with human and 
animal feces.  
Methods 
Discharge: At Oak Orchard Creek, discharge was measured with a submerged 
sensor attached to the cement bridge at the Yates Carlton Townline Road (Lat 
43.30107; Long 78.310583) (Site 6, Fig. 1) and manually calibrated weekly.  During 
this period (1 January 2008 and ending on 31 December  2009), the stage of Oak 
Orchard Creek was monitored continuously with a differential pressure transducer 
(Isco 720) attached to an ISCO recording flow meter (Model 4220 or 6712) equipped 
with an automatic sampler.  The velocity-area method (Rantz 1982) and a calibrated 
Gurley current meter (Chow 1964) were used to construct rating curves for all 
streams.  In open-channel discharge monitoring, fixed culverts/bases substantially 
reduce error associated with shifts in stream basin morphometry (Rantz 1982, Chow 
1964).   
During a portion of the winter of 2008, ice and formation of ice dams affected 
stream depth and discharge measurements.   We corrected for ice formation on the 
stream by subtracting ice thickness from the total depth (surface of the ice to the 
bottom). When ice dams occurred, we used the stream depth before and after the ice 
dam formed.  At Oak Orchard Creek, the dam upstream in Medina tends to maintain 
a steady  flow in the creek itself during nonevent periods. 
Water Sampling and Chemistry:  Weekly grab stream water samples were taken 
and analyzed for total phosphorus (TP), soluble reactive phosphorus (SRP), 
nitrate+nitrite (NO3+ NO2), total Kjeldahl nitrogen (TKN), and total suspended solids 
(TSS).  A hydrometeorological event sample was defined as a rise in the creek level 
of at least 2.54 cm in 30 min.  If this occurred, an ISCO sampler (4 to 5oC) began 
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taking hourly samples until the event had ended. Hourly samples representing rising 
and falling limbs of the event hydrograph were composited into two water samples.  
Additional event garb samples were taken as warranted. 
Water samples were analyzed for TP (APHA Method 4500-P-F, 1999), TKN 
(USEPA Method 351.2, 1979), NO3+ NO2 (APHA Method 4500-NO3-F), and TSS 
(APHA Method 2540D). Except for TSS, all analyses were performed on a Technicon 
AutoAnalyser II.  Method Detection limits were as follows:  SRP (0.48 µg P/L), TP 
(0.38 µg P/L), NO3+ NO2 (0.005 mg N/L), TKN (0.15 µg N/L), and TSS (0.2 mg/L).  
Sample water for dissolved nutrient analysis (SRP, NO3+ NO2) was filtered 
immediately on site with 0.45-µm MCI Magna Nylon 66 membrane filters and held at 
<4°C until analysis.   
Calculation of Nutrient Load:  Daily, weekly, monthly, and annual losses of nutrient 
and soil from the Oak Orchard watershed were calculated from continuous discharge 
measurements and from water chemistry samples collected during events and 
nonevents.  During nonevent periods, hourly discharge was summarized into a daily 
discharge and multiplied by that period's analyte concentration. For non-detect 
samples, a zero was entered into the calculation; for samples with a recognizable 
absorbance peak but below the level of quantitation, a concentration of  ½ the 
detection limit was used to calculate loss from the watershed.  Only eight non-detect 
samples were measured in the entire study.  By summing hourly discharge 
independently for rising and falling limbs and multiplying by the respective analyte 
concentration of the composite rising and falling limb of the hydrograph, the event 
loss of an analyte via stream drainage from a watershed was calculated.  The end of 
an event was defined as the point in time where the descending limb leveled off. 
Segment Analysis:  
Point and nonpoint sources of nutrients, soils, and salts within a watershed 
may be identified through a process called “segment analysis” or in its fullest 
development “stressed stream analysis” (Makarewicz 1999). Stressed stream 
analysis is an integrative, comprehensive approach for determining the 
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environmental health of a watershed and its constituent streams. Within a sub-
watershed, stressed stream analysis is an approach for determining how and where 
a stream and its ecological community are adversely affected by a pollution source or 
other disturbances. It is a technique that identifies the sources, extent, effects and 
severity of pollution in a watershed.  In its fullest use, it combines elements of the 
sciences of hydrology, limnology, ecology, organismal biology and genetics in an 
integrated approach to analyze cause and effect relationships in disturbed stream 
ecosystems.  
Within a sub-watershed, the stream is used to monitor the "health" of the 
watershed.  Because nutrients are easily transported by water, they can be traced to 
their source by systematic geographic monitoring of the stream. Segment analysis is 
a technique that divides the impacted sub-watershed into small distinct geographical 
units.  Samples are taken at the beginning and end of each unit of the stream to 
determine if a nutrient source occurs within that reach.  For example, high levels of a 
nutrient at the downstream portion of a segment indicate a source within that 
segment.  By systematically narrowing the size of the segment, a source can be 
identified. At completion, the cause and extent of pollution have been identified.  If 
needed, the severity of the pollution within the impacted sub-watershed and/or the 
entire watershed can then be evaluated by spatial analysis of the quantity and quality 
of biological indicators, such as fish and invertebrates, and by biological examination 
of structural and functional changes in individual organisms and populations in 
affected communities. Once identified, sources of chemical pollutants may be 
corrected using "Best Management Practices" (BMPs).  Examples of the successful 
application of the segment analysis process in identifying impacted sub-watersheds 
and their associated streams may be found in Makarewicz and Lewis (1993, 2000, 
2001, 2001a, 2002, 2002a) and Makarewicz et al. (1994).  In this report, stressed 
stream analysis is limited to a segment analysis of chemical sources of Oak Orchard 
Creek.   
Following the “segment analysis” approach, water samples were taken over a 
three-year period on 8 dates (Table 1) during or just after rainfall periods spatially 
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over the entire Oak Orchard watershed (Fig. 1).  In total, 65 sites (Table 2) were 
sampled at least once and over 159 water samples were taken for chemical analysis.  
Initial site selection was accomplished by sampling at major bifurcations of streams.  
After the initial selection of sites, sites were picked based on previous results 
systemically attempting to locate a source as described above.  All water samples 
were analyzed for total phosphorus (TP), soluble reactive phosphorus (SRP), 
nitrate+nitrite (NO3+ NO2), total Kjeldahl nitrogen (TKN), and total suspended solids 
(TSS).   
 
Zone Tillage Experiments:   Two fields were planted in corn: one zone-tilled, the 
other  conventional-tilled.  Both fields are within a hundred meters of each other.  In 
this case, the conventional tillage was disked twice before planting at the Eugene 
Bezon Farms (Fig. 1). At the zone-tilled field, planting of corn also occurred 
immediately after tillage. Pre-cleaned plastic buckets were buried (n=2) in between 
the rows of corn a few rows apart in the zone or conventional-tilled areas.  The rims 
of the buckets were at the surface of the land.  After a rain event, samples were 
taken by pulling the buckets out of the ground.  The contents were mixed and 
emptied into a sample bottle. Any sediment present was included in the sample. 
 
Quality Control/Quality Assurance:  All water samples were analyzed at the Water 
Chemistry Laboratory at The College at Brockport, State University of New York 
(NELAC – EPA Lab Code # NY01449) within 24 h of collection.  In general, the 
NELAC certification program includes biannual proficiency audits and annual 
inspections and documentation of all samples, reagents and equipment under good 
laboratory practices.  All quality control (QC) measures are assessed and evaluated 
on an on-going basis.  As required by NELAC and New York’s ELAP certification 
process, method blanks, duplicate samples, laboratory control samples, and matrix 
spikes are performed at a frequency of one per batch of 20 or fewer samples.  Field 
blanks (events and nonevents) are routinely collected and analyzed.  Analytical data 
generated with QC samples that fall within prescribed acceptance limits indicate the 
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test method was in control.  For example, QC limits for laboratory control samples 
and matrix spikes are based on the historical mean recovery plus or minus three 
standard deviations.  QC limits for duplicate samples are based on the historical 
mean relative percent difference plus or minus three standard deviations. Data 
generated with QC samples that fall outside QC limits indicate the test method was 
out of control.  These data are considered suspect and the corresponding samples 
are reanalyzed.  As part of the NELAC certification, the lab participates semi-annually 
in proficiency testing program (blind audits, Table 3) for each category of ELAP 
approval.  If the lab fails the proficiency audit for an analyte, the lab director is 
required to identify the source and correct the problem to the satisfaction of the 
certification agency.  
Results 
Annual Loss of Nutrients and Soil from the Oak Orchard Watershed 
Discharge:  Annual 2008 discharge from Oak Orchard creek  averaged 827,608 
m3/day (Table 4). This average daily discharge varied less than 10% from annual 
discharge in 1997/98 and 1998/99 (Makarewicz and Lewis 1998, 1999).  In 2008, 
about 32.3% of the discharge took place during events which was similar in 1998-99 
(44.7%) and 1997-98 (39.3%)(Table 5).   In 2008, monthly discharge was greatest 
during the spring snowmelt and runoff in the spring (March, April, and May; Table 4).  
In previous years some of the highest flows occurred earlier during the winter (Table 
4, Figure 2). These differences are likely due to winter thawing occurring at various 
times during the years. Peak discharges were higher in the 1997 to 1999 period 
reaching as high as 6 million m3/day compared to a peak discharge of 3.5 million 
m3/day in 2008. 
Nutrient and Soil Loss:  Generally, losses of nutrients and soil peaked in the spring 
(March, April, and May) and decreased through the summer with a secondary peak 
often in July (Fig. 3).  The spring peak in nutrient loading to Lake Ontario 
corresponds with peak stream discharge.    In the spring, when fields in agriculture 
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are either being plowed or may not have cover crops on them, they are susceptible to 
the erosive power of water moving over the landscape.  The secondary peak in 
nutrient and soil loading is not a function of sustained increased discharge but to 
increased concentration of analytes (Table 6) in the stream water due to at least two 
factors:  a large number of rain storms in July 2008 and the erosive runoff of water 
over land during this period.  During or just prior to July 2008, rainfall events occurred 
greater than 0.25 inches on 28-30 June (1.20”), 3 July (0.38”), 20 July (0.49”), 22 July 
(0.52”), and 30 July (0.53”) according to the National Weather Service Office in 
Buffalo. 
 Annual mean daily loss of total phosphorus (TP) and soluble reactive 
phosphorus (SRP) was 79.1 kg P/day and 45.8 kg P/day, respectively (Tables 7 and 
8).    Losses of all analytes from the watershed were greatest during events (Table 
7). During March, average daily loss of TP and SRP peaked at 170.7 and 82.9 kg 
P/day. The second peak in loss of TP and SRP occurred in July (Fig. 3).  The first 
peak was related to high flows during the spring, but the July peak was due to a 
series of intense rain storms and an increase in concentration of both TP and SRP in 
stream water in July 2008 (Table 8).  In fact, concentrations of the particulate 
fractions TP and TSS (soil) were higher in July than during the spring, suggesting 
that land was exposed to   the erosive impact of rain water and its flow over the land.    
 Similar to TP and SRP, major increases in losses of soil (TSS: 29,683 kg/day), 
organic nitrogen plus ammonia (TKN: 1,410 kg N/day), and nitrate (3,017 kg N/day) 
to the downstream system occurred during the spring, especially in March (Table 4).   
As with other nutrients, a secondary peak occurred in July for TKN and TSS but not 
with dissolved nitrate.  Losses of sodium, a component of deicing salt, peaked in May 
with a secondary peak in March. Deicing salt is commonly used in this area for 
maintaining roads during the winter.   The peak in May is curious and cannot be 
explained fully.  It may be that this component of salt is not readily removed from the 
soil.  
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 The losses of nutrients and soil do have an impact on Lake Ontario.   During 
the summer of 2008, we also monitored the nearshore region of Lake Ontario at  Oak 
Orchard Creek as part of the   Lake Ontario Nearshore Nutrient Study (LONNS).  The 
plume from Oak Orchard Creek into the nearshore region is clearly visible (Figs. 4-6).  
For example, phosphorus and nitrogen are clearly elevated at the mouth of Oak 
Orchard Creek.  The impact of the plume on the nearshore is evident 10 km (~6.6 
miles) east of the Oak Orchard Creek and in August at least 5 km ( 3.3 miles) out into 
the lake.  Also, Oak Orchard Creek is a source of total coliform bacteria to Lake 
Ontario (Fig. 6) impacting the nearshore region of the lake for many miles.  Total 
coliforms are a group of closely related bacteria that are usually free-living in the 
environment, but are also normally present in water contaminated with human and 
animal feces.                            
Segment Analysis 
 Generally, water quality standards do not exist for ambient levels of surface 
water in New York State. The approach taken in the segment analysis is to identify 
concentrations spatially within the Oak Orchard sub-watershed.  Those areas with 
higher concentrations suggest that a source, nonpoint or point, of an analyte exists 
somewhere in this segment.  As a basis of comparison, concentrations of total 
phosphorus, soluble reactive phosphorus, nitrate, and total Kjeldahl nitrogen in the 
nearshore region of Lake Ontario near Oak Orchard Creek are presented in Table 9.   
Phosphorus: Total Phosphorus and Soluble Reactive Phosphorus  (Figs. 7 to 
24) 
Phosphorus (P) is an element required for plant growth on land or in water. In 
lakes, phosphorus is often the limiting factor of phytoplankton growth and is the 
cause of eutrophication, or overproduction, of lakes.  Phosphorus may enter a 
watershed in soluble or organic form from several sources including sewage, heavy-
duty detergents, fertilizer, and agricultural waste.  Some forms of phosphorus are 
more available to, and cause more immediate activity in, plants. Soluble reactive 
phosphorus (SRP) is a measure of the dissolved phosphorus in the water that is 
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biologically available to plants.  Total phosphorus (TP) is a measure of particulate 
(not biologically available) and dissolved fractions in water. 
17 November 2006 (Figures 7 and 8):  
Water samples were taken at 32 sites along Oak Orchard Creek at the end of 
a three-day rain event (0.81 inches, Table 1). Field sampling of Oak Orchard Creek 
was designed to cover a large portion of the watershed.  Soluble reactive phosphorus 
(SRP) values ranged from 9.0 (Site 14) to 926.3 (Site 30) µg P/L.  Total phosphorus 
values ranged from 42.8 (Site 25) to 1,106 (Site 30) µg P/L.  The main stem of Oak 
Orchard Creek was sampled at Sites 1, 4, 6, 15,17, 18, 19, 22, and 26.   Soluble 
reactive phosphorus  concentrations along the main stem were in the 61 to ~100 µg 
P/L range to Site 18.  Upstream of Site 18 and by Site 22, SRP concentrations 
increased to 195 µg P/L and further increased to 562.8  µg P/L by Site 26 on the 
main branch of Oak Orchard Creek and the beginning of the Muckland Farm Area 
(Sites 26, 30, 33, 34, 35, 36, 37, 38, and 39).    A visual scan of Figures 7 and 8 
suggests that high levels of SRP and TP were observed at Site 30 (SRP=926.3 µg 
P/L, TP=1,106.5 µg P/L) and Site 29 (SRP=194.8 µg P/L, TP=368.2 µg P/L) in the 
muckland farm area.  A source of P for the entire Oak Orchard Creek appears to be 
located in the mucklands. 
Site 23, which drains an area that encompasses the Town of Oakfield, the 
Village of Oakfield, and an upland area that is farmed, also had high concentrations 
of SRP (578 µg P/L) and TP (934  µg P/L) well above values for the main stem of 
Oak Orchard Creek.  A source appears to exist south of Site 23 that will be 
investigated further with additional sampling.   
Sites 11, 12, and 16 had P levels that were above values observed in the main 
branch of Oak Orchard Creek.  Site 16 (Blair Road) is at the base of the sub-
watershed that drains Shelby Center. This sub-watershed contains row crops and 
orchards.  Levels of SRP (348 µg P/L) and TP (477 µg P/L) were elevated in this 
area.   Sites 11 and 12 drain an upland area in row crops and orchards. Elevated 
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levels of TP were observed (357 µg P/L), but not SRP, on this date at Site 11, 
suggesting a source of the particulate fraction of P. 
1 December 2006 (Figures 9 and 10):  Within a two-day period, 1.7 inches of rain 
fell in the Oak Orchard watershed.   Field sampling was directed at 24 sites focusing 
on four areas: the Upland Farm (Gravel Road, upstream of Sites 11 and 12), the sub-
watershed that encompasses a portion of the Town of Oakfield, the Village of 
Oakfield, and upland farm area (upstream of Sites 23 and 24), the Muckland Farm 
area (roughly Sites 26 to 40), and Site 16 (Shelby Center/Blair Road) where elevated 
P levels were observed in the previous sampling date. 
 Muckland Farm Area: As in November 2006, elevated levels of SRP and TP were 
observed at several stations (Site 26: 466.9 µg P/L; Site 30: 823.1 µg P/L, Site 34: 
2,175 µg P/L; Site 35: 1,593.3 µg P/L; Site 36: 1,893 µg P/L; Site 39: 1,312 µg P/L) in 
the eastern end of the mucklands. Total phosphorus followed the SRP pattern with 
values reaching as high as 12,638 µg P/L (Site 34) and 5,821 µg P/L (Site 36) within 
the muckland.  The stream that drains from the southwest (Whitney Creek, Sites 29 
and 40) did not appear to be a source to the mucklands.  This suggests that the 
mucklands are indeed the source of elevated levels of P in this portion of the sub-
watershed. 
Upland Farm Area Downstream of the Town of Oakfield:  From the previous 
November sampling day, several new sites were added upstream of Site 23 (Sites 
41, 42, and 43) on three 1st order streams draining separate sub-watersheds of Oak 
Orchard Creek.  Phosphorus (SRP and TP) concentrations were highest (Site 23; 
354.4 and 1,217.1 µg P/L, respectively) at the most downstream area of these sites.  
Upstream of Site 23, TP concentrations were elevated with values of TP ranging from 
744 to 1,399 µg P/L at Sites 41, 42, and 43.   Soluble reactive phosphorus values 
were also elevated at Site 43 (243.9 µg P/L).  A source of phosphorus appears to 
exist upstream of Sites 41, 42, and 43 . 
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CAFO Operation II:  Site 44 on Albion Road drains a sub-watershed just to the west 
of Site 23.  The area upstream of Site 44 has a CAFO operation on it. Elevated levels 
of SRP (288.5 µg P/L) and TP (577.5 µg P/L) were observed below this farm.     
Row Crops (Gravel Road): Site 47 (Scott Road), upstream from Site 12 (Gravel 
Road), had elevated levels of TP (1,147 µg P/L) and SRP (341.5 µg P/L); the 
downstream Site 12 (TP= 282.5 µg P/L, SRP=161.1 µg P/L) had lower levels.  A 
nonpoint source of P is suggested upstream of site 12.   The land use around Site 47 
is in agriculture. 
  Site 46 (Scott Road), with land use 
dominant in agriculture, is upstream of Site 
11.  Concentrations of TP (568.7 µg P/L) 
and SRP (218.7 µg P/L) were high at Site 
46 and continued to be high and increased 
slightly before entering the main branch of 
Oak Orchard Creek below Site 11 
(TP=592.1 µg P/L, SRP=218.7 µg P/L). A 
source of nutrients and soil exists in this 
upstream area.  This area is mostly 
agricultural in row crops and orchards. 
 In November, Site 16 had elevated 
levels of TP and SRP.  Site 45 on Route 63 
is upstream of Site 16 and Shelby Center. This site was added to determine if any 
sources could be found upstream of Site 16.  Levels of TP (262.5 µg P/L) at Site 45 
were the lowest observed in the entire Oak Orchard watershed on the sampling date.    
7 January 2008 (Figures 11 and 12):  This event represented a rain and a snowmelt 
that occurred as air temperatures reached 60o F (16oC).  SRP and TP concentrations 
were generally high along the entire creek.  Of 27 stream samples taken, only five 
were below a concentration of 50 µg P/L for SRP. The other 22 samples ranged from 
Sampling sites near Gravel Road 
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Muckland Drainage at Site 36 
50.1 to 1,670.9 µg P/L. Maximum concentrations of SRP and TP were observed 
within the muckland farm area. Maximum 
values of SRP and TP were above 1,600 µg 
P/L at Sites 35 and 39 in the muckland area.   
 Sites 41, 42, and 43 had elevated 
levels of TP in December of 2006.   This area 
was resampled and Site 42 on Maltby Road, 
which is in the “Upland Farm Area 
Downstream of the Town of Oakfield,” 
experienced higher levels of SRP (297.8 µg 
P/L) and TP (313.6 µg P/L) but substantially lower than the maximums observed in 
the muckland area. The source of P appears to be south of Site 42.  
  Sites 18, 19, and 22 are all on the main branch of Oak Orchard Creek.  At 
these sites, levels of both TP (130 to 150 µg P/L) and SRP (116 to 145 µg P/L) were 
generally elevated. 
 Site 14 is west, while Site 13 is north of the ethanol production plant in 
Medina, NY. Levels of TP and SRP were higher at the western Site 14 (TP=130.8 µg 
P/L) compared to Site 13 (TP=32.1 µg P/L). Site 13 is buffered from the plant by a 
small woodlot. Construction began on the ethanol plant in June of 2006 and became 
operational in November of 2007.  
 As in December, levels of TP (120 to 150 µg P/L) and SRP (80 to 115 µg P/L) 
were elevated in agricultural sub-watersheds (Sites 46 and 47) along Scott Road. 
 
9 January 2008 (Figures 13 and 14):  Sampling was conducted two days (25 sites) 
after the 7 January 2008 thaw and snowmelt to determine if the trends observed 
were persistent in the entire watershed.  Four new sampling sites were added at Site 
6 (Sites 6A and 6B above and below a small farm) and near Site 42 where elevated 
levels of P had been observed two days prior.    
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Mucklands on Transit Road (View is south), 
Sites 35‐39
 As on 7 January, TP and SRP concentrations were generally high. For 
example, of the 25 sites sampled only five sites had SRP concentrations below ~50 
µg P/L. These were all sites (6B, 9, 13, 20, and 21; Table 2) that were headwater 
streams (1st order streams) or in sub-watersheds of 2nd order streams.  That is, 
these sites are generally draining small portions of a sub-watershed. 
 As on the previous two sampling dates, the highest SRP and TP 
concentrations were observed in the Muckland Area with concentrations in the 500 to 
1,000 µg P/L range at Sites 26, 30, 35, 38, 38A, and 39.  The sites (38, 38A, 39, 35) 
in the northern portion on the muckland farmed area that drain south had much 
higher concentrations (SRP ranged from 589.8 to 1,564 µg P/L) than those draining 
from south to north (Sites 36 and 37: 271.6 and 85.1 µg P/L as SRP, respectively). 
The highest concentration was at Site 35.  
 In the mucklands, water flows from south to north (Site 29 to 36) and north to 
south (Site 38 to 35).  Site 35 represents 
the southern terminus of water flowing 
from north to south.  As water is pumped 
from the adjacent muck field, there is an 
incremental increase in SRP 
concentrations from north to south (Sites 
38, 38A, 39, 35) along the muckland 
drainage canal (See picture).  
 At Site 35 the P was mostly observed in the dissolved form at a concentration 
of 1,564.0 µg P/L (TP=1,854.4 µg P/L).  Generally, the phosphorus being lost from 
the mucklands is as dissolved phosphorus (over 80% of TP is as SRP) rather than as 
particulate phosphorus.  Sites 26 and 30 on the main stem of Oak Orchard Creek, 
which drain waters from the farmed muckland area, had concentrations (SRP=519.7 
and 769.4 µg P/L) that are reflective of the northern portion of the mucklands.  These 
results suggest that the northern portion of the farmed mucklands is a major source 
of P observed in Oak Orchard Creek during this sampling day.   
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Ethanol Plant on Route 31A and Bates Road, Village 
of Medina (north view).   Bordered by Sites 14 
(west) and 13 (north) 
 Additionally, upstream of the muckland heading southwest toward the Village 
of Elba, there were elevated levels of P at Sites 40 and 40A where SRP was 170.2 
µg P/L and  229.1 µg P/L, respectively. Additional monitoring will be done in this 
reach of the creek to further identify the sources.  
 Generally, P (SRP) concentrations decreased from the muckland farmed area 
(589.8 to 1,564 µg P/L) downstream on the main branch of Oak Orchard Creek [Site 
30 (769.4 µg P/L) to Site 26 (519.7) to Site 22 (156.6) to Site 19 (98.8) to Site 18 
(94.7)].  Concentrations decreased as the stream water is diluted with water from 
other sub-watersheds having lower P values or P taken up by bacteria, algae, and 
wetland plants. 
 As on 7 January, Site 42 in the “Upland Farm Area Downstream of the Town 
of Oakfield” also experienced higher levels of SRP (95.0 µg P/L) and TP (153.0 µg 
P/L) but not as high as two days previous.  Two water samples were taken further 
south of Site 42 at Site 42A, which is downstream of Site 42B (Water Street, Table 
2).  Both sites had similarly high 
levels of SRP (~583.0 µg P/L) and 
TP (584.2 µg P/L) suggesting that a 
source is further south in the Village 
of Oakfield. During future sampling 
days, more samples will be taken to 
identify a source.   
  The Ethanol Plant: As on 7 
January, Site 14, (TP=127.2 µg P/L) 
which is west of the ethanol 
production plant, had higher levels 
of P (SRP and TP) than the northern 
Site 13 (TP=35.4 µg P/L). Site 13 is buffered from the plant by a small woodlot.    The 
plant became operational in November of 2007.  
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Sampling sites near the Village of Oakfield 
 Small Farm on Yates-Carlton Townline Road: The new site 6B (Yates–Carlton 
Townline Road) is upstream of Site 6A which lies just downstream of a small farm 
operation.  Elevated levels of P were observed downstream from the farm at Site 6A 
(SRP=171.6 µg P/L; TP=300.0 µg P/L) compared to Site 6B upstream of the farm 
(SRP= 28.7 µg P/L; TP=68.4 µg P/L). This area drains a small farm (row crops, dairy) 
with a small lagoon. 
20 March 2008 (Figures 15 and 16):  Six samples were taken after a three-day 
period of rain (0.71”) and snowmelt.  Sampling was focused in the “Muckland area” 
and in the area near the Village of Oakfield and upstream of Site 42 to identify and/or 
confirm source(s) that are impacting the area.  Phosphorus, almost entirely as 
dissolved P (SRP), increased as 
sampling moved upstream from 
Site 26 (577.5 µg P/L) to Site 30 
(869.3 µg P/L) to Sites 35 
(1,980.4 µg P/L) and 39 (1,759.6 
µg P/L) in the muckland.  The 
muckland farm area is 
contributing a large amount of P, 
mostly as dissolved phosphorus, 
to downstream waters of Oak 
Orchard Creek. 
 Of the two sites in the 
Village of Oakfield, Site 42B had 
exceedingly high concentrations 
of P (>2507 µg P/L) while Site 
42C had much lower 
concentrations (60.4 µg P/L).  Site 
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42C is on a 1st order stream and is not the cause of elevated levels of P. Additional 
samples were taken at in this area on subsequent sampling dates to explore the 
possibility that a source may be upstream.  
1 April 2008 (Figures 17 and 18):  Twenty-eight samples were taken after a 0.30-
inch rainfall at sites that spatially covered the entire watershed.   A new sampling site 
was added in the Village of Oakfield (Site 42B1).  This site is downstream of a food 
processing plant.  Also, a new site (Site 40B) was added along the stream that drains 
from southwest to the northeast near the Village of Elba and into the mucklands.   
 Sites within the central portion of the channelized farmed muckland area (Sites 
38, 39, 35, and 30) had incredibly high concentrations of SRP (e.g., Site 35: 2,106 µg 
P/L) and TP (e.g., Site 35: 2,375 µg P/L). Upstream of the farmed muckland area 
(Sites 29, 40, 40A and 40B), concentrations of both SRP and TP were high (SRP 
generally ~150 µg P/L) but significantly lower than P levels observed at downstream 
sites in the mucklands (Sites 30, 35, 38, and 39; generally 490 to 2,106 µg P/L).  This 
finding strongly suggests that the channelized farmed mucklands is a major source of 
the elevated values of P observed in Oak Orchard Creek. 
 At the Village of Oakfield area, a new sampling site was added. Site 42B1 was 
located behind the village municipal parking lot and Site 42C was also sampled.  
Concentrations of TP and SRP were both low (<70 µg P/L) at Site 42C, suggesting 
that a source of nutrient was not in this sub-watershed.  However, SRP and TP were 
elevated at both Sites 42B and 42B1 (>750 µg P/L).   The phosphorus source was 
still upstream of Site 42B1. 
 Sites 21 and 23 both had high levels of SRP and TP (142 to 269 µg P/L). 
These sites are along Lockport Road and Lewiston Road. Water drains from south to 
north here. Site 23 is part of the drainage from the Town of Oakfield and drains a 
portion of CAFO.  Site 21 is on Benningstool Creek and the land use is mostly in row 
crops.   
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Site 6B facing northeast.  Flow is 
toward the barn. 
Small Farm on Yates-Carlton Townline Road: The concentration of TP at Site 6  on 
the main stem of Oak Orchard Creek was 114.9 
µg P/L. Entering the main stem of Oak Orchard 
Creek just upstream from Site 6 is a small 
agricultural drainage represented by Sites 6A and 
6B with a small farm between the sites. Site 6B 
(upstream from the farm) had a TP concentration 
of 77.3 µg P/L while downstream of the farm at 
Site 6A, the TP concentration had increased to 
197.1 µg P/L. A small agricultural operation exists 
between Sites 6 and 6B and is a nonpoint  source 
of P.  
All other sites visited on this day had relatively low 
amounts of TP and SRP.    
1 December 2008 (Figures 19 and 20):  Sampling was focused in the Village of 
Oakfield.   On several previous sampling days, elevated levels of P increased from 
Site 41 on Maltby Road. The source of P was traced upstream to the Village of 
Oakfield and upstream of Site 42B1 but not in the segment represented by Site 42C 
(See photo on page 26 for the site location). On 1 December 2008 the creek was 
walked upstream from Site 42B1. The stream bifurcated; the south branch was 
sampled at Site 42B2 (this was the segment represented previously by Site 42C) and 
the west branch was sampled at Site 42B3 and further upstream at Site 42B4. The 
source of P exists in the west branch as P levels increased from Site 42B1 
(SRP:124.6 µg P/L) to Site 42B3 (SRP: 465.1 µg P/L) to Site 42B4 (SRP:605.7 µg 
P/L).  This area is adjacent to a food processing plant. Site 42B2 was low in P where 
the SRP concentration was 32.5 µg P/L. 
9 March 2009 (Figures 21, 22, 23 and 24): Twelve samples  collected after a rain 
event (1.96 inches prior to sampling) focused on three areas in the Oak Orchard 
watershed, Site 21 and upstream, Site 40A and upstream, and Site 42 and upstream.  
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Phosphorus was elevated (TP > 200 µg P/L) at all locations at both the Site 21 
and Site 40 series. The highest P levels found in the Site 21 area was at Site 21B 
(SRP: 430.3 µg P/L, TP: 596.5 µg P/L), an area that drains a small farm south of 
Judge Road (Route 63). The largest increase in phosphorus was between Site 40B 
(TP: 210.2 µg P/L) downstream to Site 40A (TP: 613.2 µg P/L). There are CAFO 
operations in this area of the sub-watershed.  
In the Village of Oakfield, the west branch of the creek that runs to the north of 
a food processing plant was again confirmed as the major source of phosphorus to 
the Site 42 segment of Oak Orchard Creek. The highest concentration of TP (2,406.7 
µg P/L) was located at Site 42B6 in the headwaters that collects runoff from the fields 
adjacent to the plant. We believe these fields are used to disseminate waste from the 
plant which has a NPDES permit (NY0063681) for this. 
Nitrogen (Nitrate and Total Kjeldahl Nitrogen) (Figures 25 to 42) 
Two forms of nitrogen (N) were measured: nitrate and total Kjeldahl nitrogen.  
The nitrate measurement is actually a measurement of nitrate plus nitrite (NO3 + 
NO2).   Since nitrite is not generally found in large quantities in running waters, we 
assume it is a measure of the NO3 ion present in the stream water.  Nitrate is a 
measure of the soluble forms of nitrogen used readily by plants for growth. Sources 
of nitrates in the environment are many and include barnyard waste and fertilizer.  
The Kjeldahl method (TKN) is a convenient method of analysis for nitrogen but 
cannot be used for all types of nitrogen compounds. It is, however, a good measure 
of organic nitrogen, including ammonia. Manure, for example, contains a large 
amount of organic nitrogen. 
17 November 2006 (Figures 25 and 26):  Thirty-two water samples were taken 
along Oak Orchard Creek during a rain event period (0.81 inches over three days). 
Field sampling was designed to cover a large area of the watershed.  Nitrate values 
ranged from 0.04 mg NO3-N/L (Site 25, Gillette Road), a very low amount, to 4.52 mg 
NO3-N/L (Site 30, drainage canal from farmed Muckland Area), a very large amount.  
Along the main branch of Oak Orchard Creek, NO3 concentration generally 
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Sampling sites near the muckland farms 
decreased upstream from Site 1 at the mouth of Oak Orchard Creek to Site 18 (Site 
1: 0.83; Site 4: 0.88; Site 6: 0.78; Site 10: 0.82; Site 7: 0.67; Site 15: 0.45; Site 18: 
0.42mg NO3-N/L). Nitrate concentrations from sub-watersheds draining Sites 8, 9, 
10, 11, and 12 ranged from 0.78 to 1.35 mg N/L.    
From Site 15 upstream, NO3 concentration increased dramatically into the 
farmed muckland area (Site 15: 0.45; Site 18: 0.42; Site 19: 0.98; Site 22: 1.77; Site 
26: 3.67; Site 30: 4.52 mg N/L).  The cause of the elevated NO3 appears to be the 
farmed mucklands.  High 
values of NO3 were 
observed within the 
muckland farm area and 
drainage canals (e.g., 
Sites 26, 29, 30, and 31: 
NO3 values 2.43 to 4.52 
mg N/L).   
Some of the sub-
watersheds that drain into 
the main branch of Oak 
Orchard Creek had 
elevated levels of NO3. Site 21 at Knowlesville Road, which occasionally had high 
levels of P and drains an area in agriculture, mostly row crops, had high NO3 
concentrations (2.03 mg N/L).  Similarly, high concentrations of NO3 were observed 
at Site 24 (2.14 mg N/L).  This sub-watershed drains an upland farm area in the 
Town of Oakfield and the Village of Oakfield.  High P levels were also observed in 
this area. 
Total Kjeldahl nitrogen showed a similar spatial pattern.  Total Kjeldahl 
nitrogen concentrations increased by over a factor of two upstream along the main 
branch of Oak Orchard Creek (Site 1: 879; Site 4: 1,257; Site 6: 1,226; Site 7: 1,149; 
Site 10: 1,493; Site 15: 1,399; Site 18: 1,559; Site 19: 1,350; Site 22: 1,619;  Site 26: 
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2,252 µg N/L).   As NO3, TKN (organic nitrogen plus ammonia) was high in the 
Muckland  Area (values as high 3,034 µg N/L at Site 30),  the Upland Farm area (Site 
23: 2,131µg N/L), and north of the Village of Oakfield (Site 24: 1,438 µg N/L).  
The areas near the ethanol plant (Sites 13 and 14) had low levels of TKN 
(<900 µg N/L). Sites 16 and 17, which drain an area in orchards and row crops, also 
had relatively moderate  levels of TKN (<1320 µg N/L).  Sites 11 and 12 at Gravel 
Road, an agricultural sub-watershed, had levels ranging from ~1300 to 1500 µg N/L.  
Site 2 (Marsh Creek) and Site 3 (Beardsley Creek) had moderate levels of TKN 
(<1500 µg N/L). 
1 December 2006 (Figures 27 and 28):  Within a two-day period, 1.7 inches of rain 
fell in the Oak Orchard watershed.   Field sampling was directed at 24 sites focusing 
on four areas: the Upland Farm (Gravel Road) (upstream of Sites 11 and 12), the 
sub-watershed that encompasses a portion of the Town of Oakfield, the Village of 
Oakfield, and upland farm area (upstream of Sites 23 and 24), the Muckland Area 
(roughly sites 26 to 40), and Site 16 (Shelby Center) where elevated N levels were 
observed on the previous sampling date. 
Main Branch of Oak Orchard Creek:  Only a few samples (Sites 1 and 6) were taken 
along the main branch of Oak Orchard Creek. Concentrations of NO3 were relatively 
low (<1.00 mg NO3-N/L), but TKN at Sites 1 and 6 was somewhat elevated (<1,800 
µg N/L). 
Muckland Farm Area:  Nitrogen as NO3 and as TKN was elevated at all sites 
sampled in the muckland.  The four highest NO3 concentrations observed were at 
Site 29 (3.28 mg/L), Site 30 (3.18 mg/L), Site 35 (4.54 mg/L), and Site 39 (4.61 
mg/L). These are truly high values.   Similarly, TKN concentrations were exceedingly 
high in waters of the mucklands. For example, at Sites 34 and 36 concentrations 
were in excess of 37,000 µg N/L (i.e., 37 mg N/L).  These are remarkable 
concentrations.  In 30 years of doing this type of work, we have never measured TKN 
values as high as observed here.   
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 A creek (Site 40) drains from the southwest to the northeast and into the 
muckland area. Concentrations of NO3 and TKN in the area (Site 40) southwest of 
the muckland were high and suggest a source of both NO3 (1.97 mg/L) and TKN 
(2,179 µg N/L) in this sub-watershed.  However, TKN and NO3 concentrations were 
lower than in the mucklands.  This creek (Site 40) is certainly contributing to high N 
levels in the mucklands, but the high concentrations observed in the mucklands 
originate within the mucklands. Three CAFO operations and 5,000 head of dairy 
cattle exist in this area. The sub-watershed draining southwest to the Muckland Area 
will be examined further in subsequent field sampling.   
CAFO Operation:  Site 23 on Lockport Road drains a sub-watershed just to the west 
of Site 24.  The area upstream of Site 23 has a CAFO operation where elevated 
concentrations of P were observed on this sampling day. Elevated levels of NO3 were 
observed upstream at Site 44 (1.49 mg N/L), while elevated levels of TKN were 
observed in the lower portion of this sub-watershed (Site 23: 2,655 µg N/L).  This 
CAFO operation appears to be contributing N, as well as P, to Oak Orchard Creek. 
Upland Farm Area Downstream of the Town of Oakfield: Nitrate concentrations 
ranged from 0.90 to 1.97 mg N/L (Sites 41, 42, 43) with TKN also being relatively 
high at all sites (range 1,939 to 2,553 µg N/L).  A nutrient source appears to exist 
upstream of this location. As with P, more field sampling needs to be completed to 
identify the source. 
Upland Farm (Gravel Road):  Concentrations of TP (568.7 µg P/L) and SRP (218.7 
µg P/L) were high at Site 46 and continued to be high and increased slightly before 
entering the main stream of Oak Orchard Creek below Site 11 (TP=592.1 µg P/L, 
SRP= 218.7 µg P/L).  Site 46 upstream of Site 11 did not have elevated levels of N.  
Site 47 upstream from Site 12 had higher levels of TKN (1,393 µg N/L) but not NO3 
(0.96 mg N/L) than at downstream sites (e.g., Site 12: TKN=901 µg N/L; NO3= 0.93 
mg N/L).   A source of nutrients exists in the upstream area of Site 47.  This area is 
mostly agricultural fields in orchards and row crops. 
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Dark organic soils associated with mucklands in 
the Transit‐Spoil Bank Roads area, 2007 
Shelby Center:  In November, Site 16 had elevated levels of TP and SRP and 
moderate levels of TKN.  Site 45 on Route 63 is upstream of Site 16 and Shelby 
Center. This site was added to determine if any sources could be found upstream of 
Site 16.  Similar to P levels on this date, levels of NO3 (0.34 mg N/L) and TKN (808 
µg N/L) at Site 45 were nearly the lowest observed in the entire Oak Orchard 
watershed on this sampling date.   An intermittent source exists in this sub-watershed 
that is related to agriculture. 
7 January 2008 (Figures 29 and 30):  This event represented a rain and a snowmelt 
that occurred as air temperatures reached 60o F (16oC).  As with SRP and TP 
concentrations, NO3 and TKN were generally high along the entire creek.  Of 27 
stream samples taken, only one was below a concentration of 2 mg N/L as NO3 (Site 
25 – an upland site on a 2nd order stream). Concentrations of TKN were generally 
high along the main branch of Oak Orchard Creek (Site 16: 1,182; Site 18: 1,166; 
Site 19: 1,139; Site 22: 1,035; Site 26: 2,091 µg N/L).  The high concentrations of 
NO3 and TKN observed in the stream 
were mostly due to high 
concentrations in the mucklands. As 
with P, NO3 and TKN concentrations 
were high in the muckland farm area. 
Values often reached as high as 28 
mg NO3-N/L (Sites 38A and 39) but 
generally were over 10 mg N/L. In the 
same area, TKN concentrations were 
often in excess of 2000 µg N/L at 
several sites (Sites 26, 30, 35, 38A, 
39).  As has been observed on several occasions, muckland canals draining from the 
north to south had higher NO3 and TKN concentrations than those draining from 
south to north.  
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 The “Upland Farm Area Downstream of the Town of Oakfield” also had high 
NO3 concentrations (Sites 24, 41, 42, and 43 had NO3 concentrations between 2.05 
to 3.29 mg N/L) but not as high as those observed in the muckland area.  Total 
Kjeldahl nitrogen concentrations were low in these same areas (<1,000 µg N/L).  
Sources of nitrate but not TKN existed upstream. 
       Site 14, which is west of the ethanol plant, had elevated levels of NO3 (4.62 mg 
N/L) and TKN (1,215 µg N/L) compared to Site 13, which is north of the plant 
(NO3=2.24 mg N/L; TKN=535 µg N/L).  Site 13 is buffered by a small woodlot from 
the plant.   This plant became operational in November of 2007. 
 The sub-watershed upstream of Site 16 at Shelby Center had moderate losses 
of N as levels of NO3 and TKN were 2.08 mg N/L and 1,182 µg N/L, respectively. 
9 January 2008 (Figures 31 and 32):   Sampling (25 sites) was conducted two days 
after the January thaw and snow- melt to determine if the trends observed on 7 
January 2008 were persistent in the entire watershed.  Four new sampling sites were 
added at Site 6 (Sites 6A and 6B above and below a small farm) and near Site 42 
where elevated levels of P had been observed two days prior.    
 As on 7 January, NO3 and TKN concentrations were high at all sites in the 
muckland farm area. Values  reached as high as 24 mg NO3-N/L (Site 39) but 
generally were over 10 mg N/L. As two days previous, TKN concentrations were 
often in excess of 1,900 µg N/L at several sites (Sites 26, 30, 35, 38, 38A, and 39) 
and reached as high 3,694 µg N/L at Site 39.  The highest concentrations of both 
NO3 and TKN were observed in the muckland canals draining from north to south.  
Contributions of TKN from the 2nd order creek draining from the southwest (Sites 29, 
40, and 40A) were low and not a source to the mucklands.  However, this same 
creek did have surprisingly high levels of NO3 (Site 29: 11.71 mg N/L; Site 40: 16.22 
mg N/L; Site 40A: 14.40 mg N/L), indicating a source upstream of Site 40A.  Three 
CAFO operations exist upstream of Site 40. Over 5,000 dairy cattle exist within this 
sub-watershed. 
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Site 40B at Pekin Road.  View northeast. Stream 
is at the right side of photo under the tree. 
 Nitrate (<2.2 mg N/L) and TKN (<2000 µg/L) values were relatively low in 
“Upland Farm Area Downstream of the Town of Oakfield” compared to the rest of the 
sites sampled.  However, Site 21 at Knowlesville Road had elevated NO3 
concentrations (4.72 mg N/L).  This has been observed before and some type of 
source exists in this sub-watershed.   
 The new sites (6A and 6B) had low concentrations of NO3 draining the sub-
watershed of the small farm but did display fairly elevated levels of TKN (1,868 µg 
N/L), comparable to those observed in the muckland area.  This farm is a nonpoint 
source of nitrogen. 
20 March 2008 (Figures 33 and 34):  Six field samples were taken after a three-day 
period of rain (0.71”) and snowmelt.  Sampling was focused in the “Muckland Area” to 
confirm sources and in the area near the Village of Oakfield to try to identify a 
source(s) that is impacting the area around Site 42.   
 Nitrate concentration increased 
from Quaker Hill Road at Site 26 (7.65 
mg N/L) to Site 30 (8.63 mg N/L) and 
into the farmed muckland area (Site 
35: 17.88 mg N/L; Site 39: 18.44 mg 
N/L).  Similarly, TKN concentration 
increased from Quaker Hill Road at 
Site 26 (1,726 µg N/L) to Site 30 (1,990 
µg N/L) and into the farmed muckland 
area (Site 35: 2473 µg N/L; Site 39: 
3,108 µg N/L).  Clearly, N is being 
generated and lost from the farmed muckland area and is moving downstream 
through Oak Orchard Creek. 
 Of the two sites near the Village of Oakfield, Site 42B (2.78 mg N/L) had 
elevated concentrations of NO3-N while the upstream Site 42C (0.46 mg N/L) had 
36 
 
Site 40E in Elba, NY on the Batavia Elba 
Townline Road. View is to the southwest of 
a large dairy farm. 
much lower concentrations.  A similar trend exists for TKN as downstream values 
(Site 42B: 1,799 µg N/L) were higher than upstream sites (Site 42C: 430 µg N/L). A 
source of N exists somewhere between these two sites. The wastewater treatment 
plant for the Village of Oakfield exists in this area of the stream. 
1 April 2008 (Figures 35 and 36):  Thirty-one samples were taken after a 0.30-inch 
rainfall at sites that spatially covered the entire watershed.   New sampling sites were 
added in the Village of Oakfield (Site 42B1).  This site is downstream of a food 
processing plant.  Also, a new site (Site 40B) was added along the stream that drains 
from southwest to the northeast and into the mucklands.   
 Nitrate was elevated along the main stem of Oak Orchard Creek (Site 1:  1.59 
mg N/L; Site 6: 1.47 mg N/L; Site 19:  1.88 mg N/L).  The entire area that included 
the channelized farmed muckland and the area southwest of the muckland (Sites 29 
and the Site 40 series) all had elevated levels of NO3 above 5 mg N/L. The highest 
concentrations were observed within the channelized portion of the muckland (Site 
35: 13.84 mg N/L), indicating a source with the muckland. Again NO3 concentrations 
were higher in the north to south flowing 
channels. Concentrations of NO3 also 
increased toward the southwest from Sites 
29 (5.89 mg N/L) to 40 (5.46 mg N/L) to 
40A (8.04 mg N/L) to 40B (10.08 mg N/L).  
A source of nitrate exists in the 
southwestern portion of this sub-
watershed.  This area has three CAFO 
operations within the sub-watershed and 
over 5,000 dairy cattle (Kingston, Personal communication, Orleans County Soil and 
Water District). 
 Total Kjeldahl nitrogen concentrations were elevated along the main stem of 
Oak Orchard Creek (Site 1: 1,077 µg N/L; Site 6: 1,055 µg N/L; Site 19: 970 µg N/L). 
Like NO3, the highest concentrations of TKN were observed in the channelized 
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Site 42B6 west of the food 
processing plant in the Village of 
Oakfield 
portion of the farmed muckland (Sites 35, 36, 38, and 39; levels generally >1400 µg 
N/L) and the channel (Sites 26 and 30) that drains into the main stem of Oak Orchard 
Creek.   Levels of TKN increased also at Sites 40 (1,270 µg N/L) and 40A (1,411 µg 
N/L) southwest of the mucklands. This area has three CAFO operations within the 
sub-watershed. 
 Sites 21 (NO3=2.75 mg N/L) and 23 (0.78 mg N/L) both had high levels of NO3 
and TKN (>1100 µg N/L). These sites are along Lockport Road and Knowlesville 
Road. Water drains from south to north here. Site 23 has a CAFO operation in the 
sub-watershed.  Site 21 consistently had elevated levels of N and P on several 
sampling days. Land use is agriculture, mostly row crops.  
 Concentrations of NO3 and TKN were high at Site 6 (1.47 mg N/L and 1,055 
µg N/L, respectively) on the main stem of Oak Orchard Creek compared to Sites 6A 
and 6B located on the small sub-watershed that 
drains into the main stem of Oak Orchard Creek.  
A small agricultural operation exists between 
Sites 6 and 6B and was not contributing a large 
amount of N on this date. 
1 December 2008 (Figures 37 and 38):  
Sampling was focused in the Village of Oakfield.   
On several previous sampling days, elevated 
levels of N were observed southwest of Site 42.  
Nitrate was observed to be higher along the 
creek where Sites 42B3 and 42B4 are located 
(above 0.79 mg N/L) than in downstream Sites 
42B1 and 42B2. A similar trend was observed for 
TKN.   This site is just downstream of a food 
processing plant. 
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9 March 2009 (Figures 39, 40, 41 and 42): Twelve samples collected after a rain 
event (1.96 inches prior to sampling) focused on three areas in the Oak Orchard 
watershed: Site 21 and upstream, Site 40A and upstream, and Site 42 and upstream.  
In the Site 40 series, nitrate concentrations increased, moving upstream from 
Site 40A (6.72 mg NO3-N/L) to Site 40B (11.55 mg N/L) to Site 40E (12.90 mg N/L). 
Total Kjeldahl nitrogen showed the opposite trend with the highest TKN concentration 
at Site 40A (3,554 µg N/L). There are differing sources of inorganic and organic 
nitrogen that can be attributed to the three CAFO’s in this reach of the stream.  
As with phosphorus, the highest TKN concentration in the Site 21 series 
occurred at Site 21B (3,207 µg N/L). This site drains a small farm south of Judge 
Road (Route 63). Nitrate concentrations ranged from 1.57 to 3.13 mg NO3-N/L in the 
Site 21 series.  Concentrations at the Site 21 series were significantly lower than 
those observed in the Site 40 series on this date. In the Village of Oakfield, the 
highest concentration of both nitrate (2.02 mg N/L) and TKN (6,982 µg N/L) occurred 
at Site 42B4 adjacent to the food processing plant. This is the same segment of the 
stream that had elevated levels of P. Nitrogen was also elevated in the segment 
represented by Site 42B2 east of the plant.  
 
Total Suspended Solids and Sodium (Figures 43 to 60) 
Total suspended solids (TSS) is a measure of the loss of soil and other materials 
suspended in the water from a watershed.   Water-borne sediments act as an 
indicator, facilitator, and agent of pollution. As an indicator, they add color to the 
water. As a facilitator, sediments often carry other pollutants, such as nutrients and 
toxic substances, and are indicators of stream bank erosion and of surface erosion 
from fields. As an agent, sediments smother organisms and clog pore spaces used 
by some species for spawning. Sodium (Na) is a measure of the mineral, most 
commonly found as sodium chloride (NaCl), dissolved in water. Sodium chloride 
naturally occurs in deep layers of local bedrock. Mined, it is stored and spread as a 
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deicing agent on roads and other pavements during the winter season in western 
New York.  
 
17 November 2006 (Figures 43 and 44): Thirty-two water samples were taken along 
Oak Orchard Creek during a rain event period (0.81 inches over three days).  Field 
sampling was designed to cover a large area of the watershed.  Concentrations of 
TSS were generally low throughout the entire watershed.   
Concentrations ranged from 0.80 to 57.7 mg/L with values generally below 25 
mg/L (22 out of 32).   Total suspended solids (TSS), a measure of soil erosion, was 
low (<25 mg/L) in the muckland area (Sites 26, 20, 27, 28, and 29).  Moving 
downstream, TSS was elevated in the sub-watershed at Sites 23 (44.3 mg/L) and 21 
(32.7 mg/L). Site 23 has a CAFO operation within the sub-watershed, while land use 
at Site 21 on Knowlesville Road is mostly row crops.  Site 24 (25.8 mg/L) drains the 
sub-watershed that has upland farms and the Village of Oakfield. The sub-watershed 
that makes up Site 21 is in agriculture, mostly row crops.   In 2008 and 2009, many of 
these fields did not have a winter cover crop. 
Sites 2 (Marsh Creek, 57.7 mg/L), 3 (Beardsley Creek, 29.3 mg/L), and 5 
(Otter Creek, 41.0 mg/L) all had elevated levels of TSS. Elevated values of TKN were 
also observed at Sites 2 (1247 µg N/L), 3 (1194 µg N/L), and 5 (1449 µg N/L). These 
creeks were previously studied in 2000 and 2004 (Makarewicz and Lewis 2001a, 
2003).  Land use is heavily in agriculture.   Sites 11 and 12 at Gravel Road had 
elevated levels of TSS (44.7 and 42.0 mg/L). Land use in these sub-watersheds is 
heavy in row crops and orchards.   It is likely that fall tilling has taken place. Lastly, 
Sites 8 (Bates Road) and 9 (Fish Creek) had elevated levels of TSS (>31 mg/L).  
This area is in agriculture and likely reflects fall tillage practices.  The sources of soil 
loss from the Fish Creek sub-watershed were identified by Makarewicz and Lewis 
2005). 
 Sodium (Na), a component of deicing salt, varied little spatially throughout the 
watershed. Concentrations ranged from 8.06 to a maximum of 27.29 mg /L.   
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View is north from Site 21B.  Note 
surface erosion of field with no 
cover crop. 
1 December 2006 (Figures 45 and 46):  Within a two-day period, 1.7 inches of rain 
fell in this watershed.   Field sampling was directed at 24 sites focusing on four areas: 
the Upland Farm (Gravel Road) (upstream of Sites 11 and 12), the sub-watershed 
that encompasses a portion of the Town of Oakfield, the Village of Oakfield, and 
upland farm area (upstream of Sites 23 and 24), the Muckland Farm area (roughly 
Sites 26 to 40), and Site 16 (Shelby Center) where elevated P and N levels were 
observed in previous sampling dates. Unlike on the previous sampling trip on 17 
November, TSS concentrations were very high.  Total suspended solids 
concentrations ranged from 5.8 (Site 45) to 3,134 (Site 34) mg/L. In fact, most 
concentrations were well above 50 mg/L (17 out of 24 samples). 
Muckland Farm Area:  The amount of soil in solution was very high at Sites 34 (3,134 
mg/L) and 36 (1,640 mg/L).  Interestingly with other analytes (NO3, SRP, TP, and 
TKN), the high concentrations were always observed coming from canals draining 
from north to south.  The highest concentrations were observed from sites draining 
south to north (Site 36: 1,640; Site 37: 167.0; Site 
29: 80.0 mg/L).  Site 40, which drains a sub-
watershed southwest of the muckland and enters 
the muckland, also had elevated concentrations of 
TSS (Site 40: 245 mg/L).   
 Sodium concentrations in the muckland were 
often high compared to the rest of the watershed, 
but values were generally within an order of 
magnitude of each other (range: 1.52 to 25.04 
mg/L) and similar to the previous sampling date.  
Interestingly, sodium levels were highest in the 
southern portion of the muckland (Site 37: 23.48 
mg Na/L).  Also, sodium concentrations at Site 29 
(25.04 mg Na/L) suggest a source in the upstream 
area of this creek. 
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Culver Road (Site 32) in the headwaters of Oak Orchard 
Creek.  Note turbid water indicating soil loss from this area. 
 
Upland Farm Area Downstream of the Town of Oakfield: Total suspended solid 
concentrations were also high in this segment. For example, TSS levels were 469.6 
mg/L and 217.5 mg/L at Sites 41 and 42, respectively.   A source of suspended 
solids appears to exist upstream of this location. 
CAFO Operation:  A source is indicated upstream of Sites 23 (326 mg/L) and 44 
(96.7 mg/L) due to elevated levels of TSS.  Sodium concentrations were not high 
(range 3.54 to 7.06 mg/L) in this area. 
Upland Farms:  Site 47 (161.4 mg/L) upstream from Site 12 (TSS= 32.5 mg/L) had 
elevated levels of TSS. Besides soil loss at this site, losses of nutrients have been 
observed from this area mostly in orchards and row crops. 
7January 2008 (Figures 47 and 48): This event represented a rain and a snowmelt 
that occurred as air temperatures reached 60o F (16°C).  Unlike SRP, TP, NO3, and 
TKN, which were generally 
high along the entire creek, 
TSS concentrations were low.  
Total suspend solids (TSS) in 
stream water ranged from 0.3 
mg/L at Site 47 to a high of 11 
mg/L at Site 46. These 
concentrations are an order of 
magnitude lower than the 
previous sampling date on 1 
December 2006 (> 50 mg/L) 
and probably reflect frozen soil 
and snow cover on the land.   
Sites 16, 18, 19, 20, and 22 all had relatively low concentrations of TSS (<3.0 mg/L), 
suggesting that no bank erosion nor erosion from fields was occurring.  As has 
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happened on other sampling dates, stream waters within the muckland area had 
relatively high concentrations of TSS (generally ranging from 4 mg/L to 8.7 mg/L at 
Site 38A).   But again, overall concentrations were low.   
 Again as has been observed before, TSS concentrations were high in the 
“Upland Area and Town of Oakfield” area with the highest concentrations observed at 
Sites 23 and 24.   
 Maximum sodium concentrations were twice as high than on the previous two 
dates. On 7 January 2008 maximum values ranged to 54.43 mg/L (Site 29), while in 
the fall of 2006 maximum values reached ~ 25mg Na/L.   The higher values reflect 
the heavy use of deicing salt (NaCl) in this portion of New York State to remove ice 
and snow from roads.  Some of the highest concentrations were observed upstream 
of Site 26 (22.46 mg Na/L) which crosses Route 98. High concentrations, generally 
above 48 mg Na/L, were observed along the stretch of sites from Sites 40 and 29 
and also Sites 37 and 36.  Water from the stream (Site 40) that flows into the 
muckland appears to be the cause of the high sodium levels.  There is a series of 
roads that cross this 1st order stream of Oak Orchard Creek (Route 262, Bridge 
Road, Lockport Road, Strouts Road, Waterford Road, Oak Orchard Road, Barrville 
Road, etc.). 
  We suspect deicing salt was placed on the road prior to our sampling.  These 
data do show how deicing salt is impacting stream water during the winter season.  
Not surprisingly, levels of Na were in excess of 30 mg Na/L downstream of the 
Village of Oakfield (Sites 42, 43 and 41). Site 21, downstream of Route 63 and the 
Lewiston Road, also had elevated levels of salt (>35 mg Na/L).  Lastly Site 46, which 
drains the western portion of the Village of Medina, had levels of sodium exceeding 
30 mg Na/L. 
9 January 2008 (Figures 49 and 50):   Sampling (25 sites) was conducted two days 
after the January thaw and snow- melt to determine if the trends observed were 
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persistent in the entire watershed.  Four new sampling sites were added, at Site 6 
(Sites 6A and 6B above and below a small farm) and near Site 42.    
 Maximum levels of TSS increased from  11 to ~28 mg/L two days after the 
snowmelt and rain storm.  This is probably due to the elongated warming period of a 
few days that allowed a thawing of soils.  As observed earlier, concentrations of TSS 
were relatively moderate in the muckland area, in the area below the Village of 
Oakfield, and in the Upland Farm areas (Site 42 and Site 6A).  Site 6A (13.3 mg/L) is 
a new site that drains a watershed where a small farm is located. Above the farm 
(Site 6B) TSS levels were low (4.8 mg/L), suggesting that the farm was the source of 
soil loss. 
 Sodium levels were still elevated from the earlier values observed in 
November and December but similar to those observed two days previous after the 
snowmelt and rainstorm.  Sodium concentrations were similar on the main branch of 
Oak Orchard Creek (~20 mg Na/L; Sites 17, 18, 19, 22) compared to two days before 
(Fig. 48). As on 7 January, high concentrations generally >40 mg Na/L were 
observed along the stretch of sites from Sites 40A to 29 and also Sites 37 and 36. 
Again, levels of Na were in excess of 40 mg Na/L downstream of the Village of 
Oakfield (Sites 42, 42A, 42B).  Like two days previously, Site 21 downstream of 
Route 63 and the Lewiston Road also had elevated levels of salt (>34 mg Na/L).   
Site 13  on Route 31 had high levels of Na (40.15 mg Na/L, respectively). 
20 March 2008 (Figures 51 and 52):  Six samples were taken after a three-day 
period of rain (0.71”) and snowmelt.  Sampling was focused in the “Muckland Area” to 
confirm sources and in the area near the Village of Oakfield to try to identify a 
source(s) that is impacting the area around Site 42.  At the muckland sites (Sites 26, 
30, 35, 39), sodium concentration increased from the farmed muckland area toward 
Quaker Hill Road (Route 98).  This result suggests that the deicing salt is being 
accumulated in the stream from roads such as Spoil Banks Road and Quaker Hill 
Road. Concentrations of TSS also increased slightly moving west from the muckland 
farmed area.  With the intensity of this rainstorm, water running over the mucklands 
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may be eroding soil away which is accumulating in the streams. However, 
concentrations were not high compared to previous sampling dates.  
 At the Village of Oakfield site, sodium and TSS concentrations were much 
higher at Site 42B (Na=18.90 mg Na/L; TSS=4.3 mg/L) than site 42C (Na=11.44 mg 
Na/L; TSS=2.7 mg/L).  There are athletic fields in this area, which could be 
contributing to the soil loss.  
1 April 2008 (Figures 53 and 54):   Thirty-one  samples were taken after a 0.30-inch 
rainfall  at sites that covered the entire watershed.   New sampling sites were added 
in the Village of Oakfield (Sites 42B1 and 42C). Also another new site (Site 40B) was 
added along the stream that drains to the southwest of the mucklands. In general, 
sodium concentrations decreased from winter highs (values >40 mg Na/ L) to a range 
(5 to the mid 20 mg Na/L) and an occasional value in the 30s.  This decrease in the 
spring again suggests that the source of sodium is deicing salt usage along 
roadways.  However, Na levels were still high (>28 mg Na/L) southwest of Site 29 
toward Sites 40, 40A, and 40B. We were never able to locate this source.  At Site 
40B, we are only 2 miles from the New York State Thruway. Perhaps there is a 
hydrological connection not obvious on a map. Application of deicing salt on the 
Thruway is very high.  Also, Site 5 that drains a small sub-watershed of Oak Orchard 
had elevated levels (27.21 mg Na/L) of sodium. 
 Sites north of Ridge Road (Sites 1 to 6) had incredibly high concentrations of 
TSS.  Site 6A had a concentration of 96.8 mg/L.  This site is located downstream of 
Site 6B, where a small agricultural operation exists. Sites 2 (Marsh Creek), 3 
(Beardsley Creek), and 5 (Otter Creek) are also relatively high in excess of 20 mg/L. 
These drain small sub-watersheds of Oak Orchard Creek that are heavy in 
agriculture and likely reflect poor tillage practices and buffering of streams.  Origin of 
nonpoint sources in 2000 and 2002 has been discussed previously (Makarewicz and 
Lewis 2001a and 2003).  
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1 December 2008 (Figures 55 and 56): A 0.46-inch rainfall prompted a return to the 
area around the Village of Oakfield to determine a yet unidentified source south of 
Site 42. Similar to SRP, TP, and TKN, TSS and Na concentrations increased from 
Sites 42B1 to 42B3 to 42B4.   This is the location of a food processing plant and the 
likely source. 
9 March 2009 (Figures 57, 58, 59 and 60): Elevated concentrations (>27 mg/L) of 
sodium existed in two areas heavy in agriculture on 9 March 2009. The highest 
concentration of sodium was observed at Site 21B (43.50 mg/L), the same site where 
there is a source of nitrogen and phosphorus to Oak Orchard Creek. As previously 
observed, all sites in the Site 40 series of samples near the three CAFO operations 
had elevated levels of sodium (Site 40A: 33.79 mg/L; Site 40B: 29.54 mg/L; Site 40E: 
27.63 mg/L). Levels of sodium were all less than 15 mg/L in the Village of Oakfield 
area on this sampling date.  
 Unlike other parameters on this date, the highest concentration of TSS 
occurred at Site 21, the site furthest downstream in this series of samples. This 
reflects the accumulation of surface erosion in this area of heavy agriculture with little 
or no cover crops visible on this date. Total suspended solids was also elevated at 
the sites furthest downstream in the other area sampled. Site 40A had a TSS 
concentration of 36.4 mg/L while Site 42B3 in Oakfield had a TSS concentration of 
30.3 mg/L, representing surface erosion from overland runoff.  
Zone Tillage Experiments 
Zone tillage is a reduced tillage method that limits soil disturbance to the area of the 
planting row and leaves the areas between the crop rows undisturbed. This method 
of tillage essentially combines the benefits of conventional and no tillage mostly 
without most of the negative consequences of either. Conventional moldboard plow 
tillage conducted without consideration of ecological impacts has led to declining soil 
health due to organic matter losses, runoff and sediment loss, and pollution of 
surface and subsurface water resources. These tillage practices have been 
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recognized as the major nonpoint source of pollution in the United States. Zone 
tillage is a reduced tillage method (Idowu et al. No date).   
Two fields (zone till and conventional tillage) were sampled on three or four 
dates (Fig. 61) at sites ZT1 and ZT2 in the Town of Elba (Fig. 1) during or after 
rainfalls.     Particulate fractions (TP, TSS, TKN) in overland water flow were much 
higher at conventional versus zone tilled sites , especially at site ZT2.  On 17 July 
2008, soil loss as overland flow reached a high of ~70 g/L at the conventionally tilled 
field compared to only 5.9 g/L at the zone tilled field (Fig. 61).  Similarly, TKN and TP 
were almost an order of magnitude higher at the conventionally tilled field compared 
to the zone tilled field on 17 July 2008 [TP:10.2 (Conventional Till) versus 83 mg P/L 
(Zone Till); TKN: 317 (Conventional Till) versus 72 mg N/L (Zone Till)]. Similar results 
were observed at site ZT1.   
For dissolved fractions (SRP and nitrate), concentrations of SRP and nitrate 
were elevated in water flowing over the surface of the field (overland flow) in the field 
where zone tillage was applied.   Levels of nitrate and soluble reactive phosphorus 
were often considerably higher than in conventional tillage.  For example, on 17 July 
2008 nitrate levels at site ZT 2 at the Zone tilled field were 9.58 versus 0.08 mg N/L 
at the Conventional tilled field. Similarly, SRP levels at site ZT 2 at the Zone tilled 
field were 181.0 versus 90.4 µg P/L at the Conventional tilled field.  At site ZT1, 
elevated levels of soluble fractions were generally observed at the Conventional tiled 
site rather than at the Zoned tilled site.    We suspect this result is related to the 
amount of water draining off the two fields.  Much more water was collected from the 
Conventional tilled field than Zone tilled field.  Thus the water collected is diluted by 
additional runoff in the conventional tilled versus the zone tilled site. 
 
Discussion 
 
Annual Loss of Nutrients from the Oak Orchard Watershed to Lake Ontario 
 Annual losses of nutrients and soil from five Niagara and Orleans County 
creeks have been measured in the past 10 years.  These creeks are Johnson Creek, 
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Sandy Creek, and Oak Orchard Creek in Orleans County and Twelvemile West and 
Twelvemile East Creeks in Niagara County.   Of these five creeks, Oak Orchard 
Creek delivers the largest amount of nitrate, total Kjeldahl nitrogen, and total 
phosphorus and loses the largest amount of soil (Table 7).  Losses of total suspend 
solids are slightly below Johnson Creek.  The lower amount at Oak Orchard Creek is 
due to the dam on Oak Orchard Creek that mediates the loss of soil though 
sedimentation behind the dam. As shown in Figures 4 to 6, the losses from Oak 
Orchard Creek do impact the nearshore of Lake Ontario.  During the summer of 
2008, we monitored the nearshore region of Lake Ontario at Oak Orchard Creek as 
part of the   Lake Ontario Nearshore Nutrient Study (LONNS).  The plume from Oak 
Orchard Creek into the nearshore region is clearly visible in these figures (Figs. 4-6).  
For example, phosphorus and nitrogen are clearly elevated at the mouth of Oak 
Orchard Creek.  The impact of the plume on the nearshore is evident 10 km (~6.6 
miles) east of the Oak Orchard Creek and in August at least 5 km (3.3 miles) out into 
the lake.  Also, Oak Orchard Creek is a source of total coliform bacteria to Lake 
Ontario (Fig. 6), impacting the nearshore region of the lake for many miles.  Total 
coliforms are a group of closely related bacteria that are usually free-living in the 
environment but are also normally present in water contaminated with human and 
animal feces.                                                                 
Sources of Nutrients in Oak Orchard Creek 
Seven areas in the Orchard Creek watershed were identified as sources of 
nutrients (phosphorus and nitrogen) or soils.  Maps, including a summary map (Figure 
62) are included in the text to locate these areas.  
 The Mucklands (Sites 33, 34, 35, 36, 37,38, 38a, 39; Figs. 62 and 63):  This is 
a relatively small area (~5,000 acres) but delivers elevated levels of total 
phosphorus (e.g., 5 to 12 mg P/L), and soluble reactive phosphorus (e.g., 1 to 
2 mg P/L).  At times, most of the phosphorus that is being lost is only in the 
soluble form.   The northern portion of the muckland is delivering higher levels 
of phosphorus than the southern portion.  Nitrate losses from the muckland 
are also high – often in the 3 to 28 mg N/L range, while TKN values as high as 
37 mg N/L were observed.   However, the muckland itself is at times receiving 
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Fields around food processing plant, 
Oakfield, NY. 
higher levels of TSS (e.g., 240 mg/L on 1 December 2006) from the CAFO 
operations southwest (Site 40) of the mucklands.  
 
 CAFO Site I (Sites 40, 40A, 40B, 40E; Figs. 62 and 64).  These sites are 
generally southwest of 
the Village of Elba.  
Elevated levels of SRP 
and TP were observed 
within the segment from 
Sites 40B to 40A. Levels 
of N were also high on 
several occasions.   For 
example on one date, 
concentrations of NO3  
increased toward the 
southwest from Sites 29 
(5.89 mg N/L) to 40 (5.46 
mg N/L) to 40A (8.04 mg 
N/L) to 40B (10.08 mg 
N/L).  Similar results 
were observed on other 
days, and for total 
Kjeldahl nitrogen (2,179 
µg/L) was observed. On 
some occasions, losses 
of soil to downstream 
systems were evident 
(e.g., 240 mg/L on 1 
December 2006).    
Three CAFO operations 
and  ~ 5,000 head of 
cattle exist in this area.  
 
High levels of sodium, a component of deicing salt, were observed at levels in 
this area. We do not know the origin but did speculate that it may be from the 
NY Thruway as our Site 40B is only two miles from the Thruway (Fig. 1). 
 
 CAFO Site II (Sites 23 and 44; Figs. 62 and 65):  Located in the general area 
of Lockport Road east of Albion Road, this area is obviously in agriculture. 
Elevated levels of SRP, TP, TKN, NO3, and TSS were observed in water 
draining from sub-watersheds in this area.  
 
 Small Farm (Sites 6, 6A and 6B; Figs. 62 and 66):  Located at Yates-Carlton 
Townline Road, a small farm is locally affecting quality at times.  For example, 
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elevated levels of P were observed downstream from the farm at Site 6A 
(SRP=171.6 µg P/L; TP=300.0 µg P/L) compared to Site 6B upstream of the 
farm (SRP= 28.7 µg P/L; TP=68.4 µg P/L). Similar results were observed for 
TSS. The farming operation albeit small does have an impact on Oak Orchard 
Creek. 
 
 Food Processing Plant (Sites 42B and 42 series; Figs. 62 and 67):  Permitted 
(NPDES permit #NY0063681) spreading of food processing wastes occurred 
in the nearby fields.  This location is in the Village of Oakfield. The west 
branch of the creek that runs to the north of a food processing plant is a 
source of phosphorus to the Site 42 segment of Oak Orchard Creek.  For 
example, SRP concentrations as high 2,228.3 µg P/L were observed at Site 
42B6 in the headwaters that collects runoff from the fields adjacent to the 
plant. Stream nitrate (2.02 mg N/L) and TKN (6,982 µg N/L) concentrations 
were also elevated (Site 42B4) adjacent to the food processing plant.   This 
plant and its handling of waste materials is a likely source of nutrients and 
organic nitrogen to Oak Orchard Creek. 
 
 Gravel Road Upland Farms (Sites10, 12, 46, 47; Figs. 62 and 68):   Whether it 
be N, P or soil, levels were higher at the top of these sub-watersheds than 
below. This suggests a nonpoint source in the watershed. For example, Site 
47 (Scott Road), upstream from Site 12 (Gravel Road), had elevated levels of 
TP (1,147 µg P/L) and SRP (341.5 µg P/L); the downstream Site 12 (TP= 
282.5 µg P/L, SRP=161.1 µg P/L) had lower levels. Similar results were 
observed for TSS and TKN. This area is mostly in row crops and orchards. 
 
 Benningstool Creek (Sites 21, 21A, 21B, 21C; Figs. 62 and 69):  This area 
encompasses part of Judge Road and Route 63 and land use is primarily 
agriculture.  Site 21 consistently had elevated levels of N and P on several 
sampling days.  For example, on 9 March 2009 the highest TKN  
concentration in the Site 21 series occurred at Site 21B (3,207 µg N/L). This 
site drains a small farm south of Judge Road (Route 63). Nitrate 
concentrations also ranged from 1.57 to 3.13 mg NO3-N/L in the Site 21 
series.  Phosphorus levels were also elevated.  This area is mostly in row 
crops. 
 
How Do Nutrients and Soils Move from the Land to Streams? 
The quality and quantity of runoff from a watershed into a stream are 
ultimately influenced by the land use and interactions with inhabitants of the 
watershed. The amount of runoff is determined by the amount of excess precipitation, 
that which neither sinks into the ground nor is stored at the surface. Precipitation 
excess is determined primarily by climate, vegetation, infiltration capacity, surface 
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storage and land use by people. Impervious landscapes (e.g., parking lots), removal 
of wetlands and vegetation in general, storm sewers, blockage of streams by debris, 
etc., all contribute to rapid rises in stream level and potential flooding. Surface runoff 
dissolves constituents, such as the soluble forms of nutrients (phosphate and nitrate) 
and salts (sodium) from the soil and other surfaces it contacts, carrying them to the 
stream. Runoff also scours and erodes the surfaces it flows over, sweeping soil 
particles containing phosphorus and nitrogen from the watershed into the stream. 
Land use and surface conditions determine, to a large degree, the magnitude of the 
loss of these constituents from the watershed to the stream via these processes. For 
example, a tilled agricultural field that is subjected to surface runoff from precipitation 
or snow melt will lose a large amount of soil and nutrients to the stream as that water 
flows over the exposed surfaces. Land use and agricultural practices initiated by 
people can and do affect stream water quality and stream discharge. If we can 
identify the sources of pollution, remedial action plans and best management plans 
can be initiated that mitigate downstream and lake effects.  
Best Management Practices (BMPs) 
BMPs are actions, behaviors, or techniques that reduce pollution and the 
amount of runoff flowing into waterways and that cover a wide range of practices on 
the land.  Non-structural BMPs include such practices that minimize site disturbance 
through sound planning and design and include cropping sequence, soil testing, 
fertilization rates, tillage practices, etc. For example, on dairy or livestock farms, soil 
testing is combined with manure analysis to develop manure application plans to 
make the best use of recyclable manure nutrients.  Structural BMPs include 
construction of manure lagoons, terraces, buffer strips, sediment control basins, etc. 
Contour strip cropping, where alternate strips of land are planted to row crops or sod 
crops perpendicular to the predominant slope, is an example of another structural 
BMP.  By shortening the lengths of slope where water can flow freely (tilled strips), 
runoff and kinetic energy of water are reduced, and soil erosion is minimized. 
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Identified point and nonpoint sources of nutrients and solids can be 
remediated using BMPs. Whether or not management practices include a reduction 
of cropland or fertilization, control of water movement can be a means of significantly 
reducing non-point source pollution. Since water must come in contact with the 
nutrient source and then be transported to the surface (or subsurface) water body, 
the nutrients in water bodies are functions of soil fertility and quantities of transporting 
water.  
Water Management: Management practices, which reduce surface runoff, have 
been shown to dramatically decrease the magnitudes of sediment and chemical 
losses from land areas (Haith 1975). At Conesus Lake, construction of retention 
ponds/gully plugs successfully reduced the loss of soil by a factor greater than 70% 
in the first year (Makarewicz et al. 2009). Curtailment of winter manuring practices, or 
limiting of winter manuring practices to non-hydrologically sensitive, steep-sloped 
watershed also reduced losses of nutrients from a watershed (Lewis and Makarewicz 
2009).  Construction of buffer strips, contour planting, timing of tilling practices and 
sediment retention ponds are methods successively shown to reduce overland flow 
of water from affected watersheds. Our zone tillage experiments in this study suggest 
that reductions in particulate fractions (TP, TSS and TKN) occur in surface water flow 
compared to conventionally plowed fields. 
Agriculture: Haith (1975) and the NYSDEC (Morton 1985, 1992) recommend use of 
buffer strips of forest or grass between the pollutant source and a stream to intercept 
the runoff, resulting in removal by deposition or filtering by the vegetative cover. 
Other cropland management practices include diversions, terraces contour cropping, 
strip cropping, waterways, minimum and no tillage. Livestock operation controls 
include barnyard runoff management, manure storage facilities, and livestock 
exclusion from woodlands. They may also include structural devices such as grassed 
waterways, sediment retention basins, erosion control weirs, and animal waste 
holding tanks. BMPs are designed to reduce sediment and nutrient transport to 
streams and lakes. They may benefit the farmer in the long term by decreasing fuel 
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and fertilizer costs and by improving soil productivity. Furthermore, with the advent of 
Concentrated Animal and Feed Operations (CAFO) permits, regulatory control of 
farms with large numbers of animals may be inevitable.  
Introduction of total farm planning practices may serve the farming community 
well. Besides soil loss, much of the loss of nutrients in the Oak Orchard Creek 
watershed was in the dissolved form as nitrate and phosphorus. Information on 
nutrient management in agriculture settings in New York State is reviewed in a recent 
issue of Northeast Dairy Business and is applicable to other crops. For example, 
articles titled “Nine Tips to Manage N Better” (Czymmek 2006) and “How Much P is 
Enough” (Ketterings and Cyzmmek 2005) provide a useful review of nutrient 
management issues that are applicable to the Oak Orchard Creek watershed. 
Farmers in western New York have reduced fertilizer usage and successfully 
maintained corn yields while saving money.  
Also, adoption of total farm planning practices has proven to be very 
successful and serves several purposes on farms in the Conesus Lake area. These 
include:  
1. Maintaining soil fertility by leaving more nutrients and soil on agricultural 
land;  
2. Reducing the amount of soil and nutrients washed into Fish Creek, Oak 
Orchard Creek and eventually Lake Ontario. This reduces the 
overproduction (eutrophication) of downstream systems and the 
aesthetically unappealing blooms of algae and weeds (Makarewicz 2009, 
Bosch 2009a and b); and  
3. Potentially increasing in economic return to the farmer. Recent work on 
dairy farms in Conesus Lake has demonstrated that a reduction in nitrate 
fertilization rates actually maintained corn yields and reduced nitrate lost to 
downstream systems while allowing a savings in money to the farmer. Soil 
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testing documented that levels of soil phosphorus were more than 
adequate for maintaining yields (Jacobs 2006a).  
 
The Special Case of Mucklands: The Elba mucklands represent about 5,000 acres 
of land. Longabucco and Rafferty (1987) concluded that the Elba mucklands 
represents only 27% of the drainage area but contributes 56 to 86% of its annual 
dissolved P to Oak Orchard Creek before it enters the swamp. Most importantly, they 
concluded there is little net retention within the swamp, suggesting that it is 
transported by Oak Orchard Creek towards Lake Ontario. 
`In general, mucklands soils or histosols are soils that are composed mainly of 
organic materials. They contain at least 20-30% organic matter by weight and are 
more than 40 cm thick. Bulk densities are quite low, often less than 0.3 g/cm3.The 
predominant use of cultivated mucklands is for the production of vegetable crops. 
Most virgin muckland soils (histosols) contain less than 0.2 percent phosphorus 
(Lucas 1982) and are heavily fertilized to ensure good crop production (Longabucco 
and Rafferty 1987).  Also, application of the fertilizer phosphorus often exceeds the 
amount needed for plant growth; the surplus is either absorbed by the soil or lost 
through leaching. Cogger and Duxbury (1984) suggested that key to controlling 
phosphorus leaching losses from cultivated mucklands is the limitation of fertilizer 
applications in areas where phosphorus is small.  However, the impact would not be 
immediate, due to the buildup of phosphorus in the soil over time (Longabucco and 
Rafferty 1987). 
Michigan State University (1998) has developed a series of suggested 
management practices for muckland soils.  We have outlined these below. 
Phosphorus Management 
Organic soils are normally low in phosphorus, containing less than 0.1%. Most of the 
phosphorus in virgin deposits is in the organic form. As with nitrogen, phosphorus 
must be mineralized before plants can utilize it. Organic soils differ greatly in their 
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ability to hold or adsorb phosphates where the source is soluble fertilizers or soil 
organic matter decomposition products. Virgin peats low in clays, iron and/or 
aluminum show high mobility of soluble phosphorus.  
Suggestions for reducing PO4-P in drainage and surface waters are:  
1. Test soils to determine appropriate phosphorus fertilizer rates.  
2. Apply starter fertilizer near the seed or plant to help reduce total rate.  
3. Do not drain virgin deposits if they are not to be used for high-value crop 
production.  
4. Because of leaching losses with water soluble phosphates, use low soluble 
products such as high grade rock phosphate, when trees and woody shrubs 
are planted on virgin organic soils.  
5. Salvage or properly dispose of drainage water obtained in bedding or 
greenhouse plant production when using peats without mineral soils.  
6. Consider a drainage reservoir so as to have a closed water management 
system. A suggested ratio of cropland to reservoir area is about 20 to 1.  
Nitrogen Management 
Nitrogen, a constituent of soil organic matter, usually ranges from 1.0 to 1.7% 
for acid peats and 1.8 to 2.5% for nonacid organic soils. When organic matter 
decays, nitrogen is mineralized and eventually forms nitrate nitrogen (NO3-N).  
Suggestions for reducing NO3-N in the leachable and drainage water are:  
1. Do not apply nitrogen fertilizer in the fall or winter season.  
2. Reduce nitrogen rates in pre-plant fertilizer and apply the balance when plants 
are actively growing.  
3. Curtailment of nitrogen fertilization for muckland crops during July and early 
August because of the high organic matter decomposition rate when the soil 
temperature is high,  
4. Grow cover crops to utilize available nitrogen remaining after harvest rather 
than leaving the field without plants. 
5. Keep the soil water level at sufficient depth to obtain good crop yields and yet 
allow for the least amount of soil decay. For most cropping situations, this 
depth is 24 to 30 inches.  
6. Promote denitrification of NO3-N in drainage water.  
a. Where possible, submerge the tile drains below the water table.  
b. Pond or slow down the movement of water in the drainage ditches 
before it enters the main streams.  
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Table 1.  Rainfall amounts, number of samples,  and sampling dates for segment 
analysis of Oak Orchard Creek. 
 
Sampling Date Number 
of Samples 
Rainfall in 
inches 
Comments 
17 November 2006 32 0.81 Three days prior to sampling 
1 December 2006 24 1.70 Two days prior to sampling 
7 January 2008 27 Trace Snowmelt plus temperatures in the 
60oF 
9 January 2008 25 Trace Snowmelt plus temperatures in the 
60oF 
20 March 2008 6 0.71 Three days prior plus snowmelt 
1 April 2008 28 0.30 Two prior plus snowmelt 
1 December 2008 5 0.46 Two days prior to sampling 
9 March 2009 12 1.96 Two days prior to sampling 
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Table 2. Latitude and longitude of sampling sites on Oak Orchard Creek. 
  Latiude  Longitude  Road / Description 
Site 1  43.3712  ‐78.1916  Mouth of Oak Orchard Creek (OOC), Point Breeze, NY 
Site 2  43.3517  ‐78.1605  Marsh Creek, Sawyer Road 
Site 3  43.3392  ‐78.1853  Beardsley Creek, Route 18 
Site 4  43.3219  ‐78.2515  Oak Orchard Creek, Waterport Pond, Route 279 
Site 5  43.3145  ‐78.2509  Otter Creek, Eagle Harbor ‐ Waterport Road 
Site 6  43.3011  ‐78.3106  Main Branch of OOC, Yates ‐ Carlton Townline Road, Site of SUNY Brockport monitoring Station 
Site 6A  43.2987  ‐78.3101  Agricultural field drainage on Yates ‐ Carlton Townline Road downstream of Ag operation 
Site 6B  43.2965  ‐78.3108  Agricultural field drainage on Yates ‐ Carlton Townline Road upstream of Ag operation 
Site 7  43.2677  ‐78.3706  Main Branch of OOC, Bates Road 
Site 8  43.2610  ‐78.3705  Bates Road drainage, south of main branch of OOC 
Site 9  43.2589  ‐78.3590  Fish Creek, East Scott Road 
Site 10  43.2501  ‐78.3952  Main Branch of OOC, Slade Road 
Site 11  43.2570  ‐78.3972  Residential, agricultural and pond drainage, Gravel Road 
Site 12  43.2590  ‐78.3976  Residential and agricultural drainage, Gravel Road 
Site 13  43.2215  ‐78.3652  Route 31, drainage of Ethanol Plant 
Site 14  43.2110  ‐78.3701  Bates Road, drainage from the Ethanol Plant 
Site 15  43.2073  ‐78.3860  Main Branch of OOC, Maple Ridge Road 
Site 16  43.1905  ‐78.3918  Blair Road, Shelby Center 
Site 17  43.1904  ‐78.3880  Main Branch of OOC, Main Street, Shelby Center 
Site 18  43.1590  ‐78.4083  Main Branch of OOC, Dunlap Road 
Site 19  43.1363  ‐78.3905  Main Branch of OOC, Route 63 
Site 20  43.0747  ‐78.4051  Whitney Creek, Judge Road 
Site 21  43.0984  ‐78.3414  Benningstool Creek, Knowlesville Road, drainage primarily in agricultural land use 
Site 21A  43.0837  ‐78.3444  Benningstool Creek, Ham Road, drainage primarily in agricultural land use 
Site 21B  43.0739  ‐78.3476  Benningstool Creek, Judge Road / Route 63, drainage primarily in agricultural land use 
Site 21C  43.0738  ‐78.3370  Benningstool Creek, Judge Road / Route 63, drainage primarily in agricultural land use 
Site 22  43.1207  ‐78.3248  Main Branch of OOC, Knowlesville Road 
Site 23  43.0965  ‐78.2776  Lockport Road East of Albion Road, drains a portion of a CAFO 
Site 24  43.0982  ‐78.2500  Lockport Road West of Fisher Road 
Site 25  43.1411  ‐78.2308  Gilette Road, agricultural land use 
Site 26  43.1245  ‐78.1931  Main Branch of OOC at Route 98, receiving area for a large portion of much drainage 
Site 27  43.1146  ‐78.1598  Watson Road, agricultural land use 
Site 28  43.1135  ‐78.1377  Watson Road, agricultural land use 
Site 29  43.1127  ‐78.1277  Watson Road, agricultural land use 
Site 30  43.1326  ‐78.1650  Main Branch of OOC, Part of Muckland drainage canals, Spoil Bank Road 
Site 31  43.1702  ‐78.1342  Manning Tributary draining the Manning Muck, McNamar Road 
Site 32  43.1762  ‐78.1504  Culver Road,  drainage primarily in agricultural land use 
Site 33  43.1357  ‐78.1693  Part of Muckland drainage canals, Spoil Bank Road 
Site 34  43.1325  ‐78.1456  Main Branch of OOC, Part of Muckland drainage canals, Spoil Bank Road at Hundredmark Road 
Site 35  43.1389  ‐78.1152  Muckland drainage canal flowing south sampled from north to south by sites 38, 38A, 39, 35 
Site 36  43.1248  ‐78.1152  Muckland drainage canal flowing north sampled from  south to north by sites 37, 36 
Site 37  43.1189  ‐78.1158  Muckland drainage canal flowing north sampled from  south to north by sites 37, 36 
Site 38  43.1603  ‐78.1156  Muckland drainage canal flowing south sampled from north to south by sites 38, 38A, 39, 35 
Site 38A  43.1546  ‐78.1160  Muckland drainage canal flowing south sampled from north to south by sites 38, 38A, 39, 35 
Site 39  43.1501  ‐78.1153  Muckland drainage canal flowing south sampled from north to south by sites 38, 38A, 39, 35 
Site 40  43.0866  ‐78.1601  Luddington Road in the Village of Elba 
Site 40A  43.0702  ‐78.1823  Route 262 upstream of site 40 in the Village of Elba 
Site 40B  43.0500  ‐78.2027  Pekin Road upstream of site 40A and between two CAFO's 
Site 40E  43.0444  ‐78.2127  Batavia‐Elba Townline Road upstream of site 40B and between two CAFO's 
Site 41  43.0788  ‐78.2586  Town of Oakfield drainage, Maltby Road 
Site 42  43.0787  ‐78.2603  Town of Oakfield drainage, Maltby Road 
Site 42A  43.0691  ‐78.2653  Village of Oakfield, downstream of site 42B and Oakfield STP and upstream of site 42, 
Site 42B  43.0693  ‐78.2658  Water Street in the Village of Oakfield, upstream of site 42 
Site 42B1  43.0663  ‐78.2719  Village of Oakfield, adjacent to a food processing plant 
Site 42B2  43.0651  ‐78.2724  Village of Oakfield, adjacent to a food processing plant 
Site 42B3  43.0652  ‐78.2726  Village of Oakfield, adjacent to a food processing plant 
Site 42B4  43.0645  ‐78.2753  Village of Oakfield, adjacent to a food processing plant, Haxton Lane 
Site 42B5  43.0597  ‐78.2756  Village of Oakfield, drainage from freshwater ponds Garibaldi Road 
Site 42B6  43.0636  ‐78.2783  Village of Oakfield, adjacent to fields used by a food processing plant 
Site 42C  43.0641  ‐78.2727  Village of Oakfield, drains subwatershed east of  a food processing plant 
Site 43  43.0787  ‐78.2684  Town of Oakfield drainage, Maltby Road 
Site 44  43.0896  ‐78.2812  Albion Road, some drainage of a CAFO 
Site 45  43.1873  ‐78.3919  Route 63 in Shelby Center upstream of site 16 
Site 46  43.2499  ‐78.4077  Scott Road upstream of site 11, agricultural land use 
Site 47  43.2500  ‐78.4118  Scott Road upstream of site 12, land use is orchards and row crops 
 
 
Table 3.   Proficiency audit of the Water Quality Laboratory at The College at Brockport. 
NEW YORK STATE DEPARTMENT OF HEALTH 
ENVIRONMENTAL LABORATORY APPROVAL PROGRAM 
Lab 11439    SUNY BROCKPORT    EPA Lab ID  NY01449        Page  1  of  1 
WATER LAB LENNON HALL 
BROCKPORT, NY 14420,  USA   Shipment: 315  Non Potable Water Chemistry    Shipment Date:   14‐Jul‐2008 
Analyte    Sample ID  Result  Mean/Target  Acceptance  Limits Method   Score 
Approval Category :  Non Potable Water 
  Sample:  Residue 
Solids, Total Suspended    1502      58.8    59.9      47.5 – 67.8                              SM18‐20 2540D            Satisfactory   
               
 
  Sample:  Organic Nutrients 
Kjeldahl Nitrogen, Total    1504      18.5    16.8      11.1 – 21.7             EPA 351.2             Satisfactory   
                 
 
Phosphorus, Total      1504      4.06    3.99      3.26 – 4.78             SM18‐20 4500‐PF           Satisfactory 
 
  Sample:  Inorganic Nutrients 
 
Nitrate (as N)      1507      2.32    2.37      1.87 – 2.88            SM18‐20 4500‐NO3 F         Satisfactory   
                     
 
Orthophosphate (as P)    1507      3.78      3.95      3.25 – 4.68            SM18‐20 4500‐PF        Satisfactory 
 
  Sample:  Minerals II 
 
Sodium, Total      1537      48.77    47.6      40.4 – 54.7             SM 18‐20 3111B        Satisfactory   
                 
 
Sample:  Nitrite 
 
Nitrite as N      1541      0.95    0.926      0.742 – 1.11                    SM 18‐20 4500‐NO2 B        Satisfactory 
 
 
 
Table 4.  Mean average daily discharge and loss of total phosphorus (TP), nitrate, total 
suspended solids (TSS, soil), total Kjeldahl nitrogen (TKN), sodium, and soluble reactive 
phosphorus (SRP), Oak Orchard Creek. Data from 1997 and 1998 are from Makarewicz and 
Lewis (1998, 1999).
2008 Discharge 
(m3/day) 
TP 
(kg/day) 
Nitrate
(kg/day) 
TSS 
(kg/day) 
TKN 
(kg/day) 
Sodium
(kg/day) 
SRP 
(kg/day) 
Jan 336,668 35.7 1,384.3 1,321.1 438.1 8,474.7 27.3 
Feb 675,796 67.1 1,452.1 5,863.6 811.5 17,562.6 40.8 
Mar 1,559,627 170.7 3,017.2 29,683.3 1,410.2 35,231.4 82.9 
Apr 1,197,720 126.8 1,260.2 25,167.8 1,213.5 23,567.2 58.0 
May 1,188,963 76.6 1,088.6 18,079.8 1,087.4 41,631.4 39.4 
Jun 800,203 72.5 668.1 11,953.8 557.9 24,904.3 37.0 
Jul 724,536 96.2 705.6 18,598.7 775.1 20,598.1 49.6 
Aug 634,635 73.0 495.3 7,259.2 560.9 15,137.6 35.2 
Sep 593,386 34.2 740.3 4,508.8 347.4 13,201.2 24.6 
Oct 614,647 39.8 522.0 3,723.0 275.4 16,066.3 28.5 
Nov 796,102 64.7 933.7 3,293.0 691.0 24,393.3 53.7 
Dec 801,702 90.7 1,463.0 9,931.6 781.2 18,363.0 71.8 
Total 827,608 79.1 1,145.2 11,651.0 745.9 21,617.1 45.8 
1998 Discharge 
(m3/day) 
TP 
(kg/day) 
Nitrate
(kg/day) 
TSS 
(kg/day) 
TKN 
(kg/day) 
Sodium
(kg/day) 
SRP 
(kg/day) 
Jan 2,120,954 263.5 4,717.7 27,906.8 2,557.6 93,324.4 ND 
Feb 1,984,583 297.0 8,471.2 18,245.0 2,134.2 37,922.3 ND 
Mar 1,766,610 151.2 2,939.8 9,647.3 1,445.8 40,027.1 ND 
Apr 414,970 40.6 436.2 10,702.0 344.8 11,059.8 ND 
May 828,115 92.3 535.1 15,740.6 453.5 37,577.5 ND 
Jun 632,465 74.5 460.3 8,864.8 357.2 14,460.5 ND 
Jul 951,374 145.3 1,116.1 18,107.3 578.2 18,829.6 ND 
Aug 775,256 80.3 459.1 7,888.4 390.4 13,870.7 ND 
Sep 828,988 67.4 599.9 5,585.3 445.9 13,455.3 ND 
Oct 902,106 51.4 639.1 6,555.4 406.2 13,988.2 ND 
Nov 276,418 13.5 212.3 375.7 77.9 4,138.5 ND 
Dec 32,910 3.6 86.1 30.6 32.7 1,503.6 ND 
Total 956,238 106.0 1,683.3 10,819.4 763.1 25,076.6   
1997 Discharge 
(m3/day) 
TP 
(kg/day) 
Nitrate
(kg/day) 
TSS 
(kg/day) 
TKN 
(kg/day) 
Sodium
(kg/day) 
SRP 
(kg/day) 
Jan 2,003,310 439.3 3,735.7 47,168.0 2,390.0 28,330.9 ND 
Feb 990,420 114.8 1,509.5 8,361.8 769.8 15,930.1 ND 
Mar 1,291,149 172.5 1,598.2 15,372.0 1,125.0 20,803.5 ND 
Apr 447,797 68.8 327.6 6,220.9 433.4 7,544.9 ND 
May 860,037 170.0 506.0 13,185.2 795.8 19,412.9 ND 
Jun 847,558 154.2 715.5 20,976.1 915.8 19,913.8 ND 
Jul 657,912 108.3 505.4 11,531.5 454.5 12,283.9 ND 
Aug 507,039 50.9 399.1 3,884.7 274.9 8,791.5 ND 
Sep 548,303 59.5 478.6 7,012.7 466.6 9,876.8 ND 
Oct 653,238 75.4 596.2 4,378.6 551.2 12,034.8 ND 
Nov 697,643 65.5 642.1 4,343.9 605.8 14,712.5 ND 
Dec 740,827 68.7 1,206.9 2,578.2 657.2 15,953.5 ND 
Total 855,040 129.6 1,019.6 12,141.9 788.8 15,488.8   
 
 
Table 5.   Event versus nonevent loading from Oak Orchard Creek to Lake Ontario.  Total 
phosphorus (TP), nitrate, total suspended solids (TSS, soil), total Kjeldahl nitrogen (TKN), 
sodium, and soluble reactive phosphorus (SRP), Oak Orchard Creek. Data from 1997 and 1998 
are from Makarewicz and Lewis (1998, 1999). ND=No data. 
 
 
 
 
2008  Discharge  TP  Nitrate  TSS  TKN  Sodium  SRP 
% Non‐
event  67.7  65.2  55.0  64.4  64.2  71.2  66.4 
% Event  32.3  34.8  45.0  35.6  35.8  28.8  33.6 
1998‐99 
% Non‐
event  55.3  52.9  33.8  53.6  42.1  48.5  ND 
% Event  44.7  47.1  66.2  46.4  57.9  51.5  ND 
1997‐98 
% Non‐
event  60.7  60.9  51.6  53.3  64.1  64.1  ND 
% Event  39.3  39.1  48.4  46.7  35.9  35.9  ND 
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Table 6.   Monthly average concentrations of total phosphorus (TP), nitrate, total suspended 
solids (TSS, soil), total Kjeldahl nitrogen (TKN), sodium, and soluble reactive phosphorus 
(SRP), Oak Orchard Creek, 2008. 
 
Monthly Mean for Oak Orchard Creek 2008 
  
TP 
(µg P/L) 
Nitrate 
(mg N/L) 
TSS 
(mg/L) 
TKN 
(µg N/L) 
Sodium 
(mg/L) 
SRP 
(µg P/L) 
Jan  109.4  4.03 3.9 1265 25.02  84.4 
Feb  105.7  2.13 9.3 1218 25.11  63.8 
Mar  111.2  1.94 18.9 935 23.58  54.0 
Apr  112.0  0.95 22.3 1065 19.74  50.2 
May  53.9  0.90 15.3 884 36.36  26.7 
Jun  87.5  0.80 14.2 702 31.51  44.6 
Jul  134.7  1.00 27.2 1042 27.94  66.9 
Aug  115.3  0.76 10.7 865 23.55  52.7 
Sep  57.6  1.24 7.1 525 22.39  41.5 
Oct  64.0  0.84 6.3 483 26.01  45.7 
Nov  78.8  1.17 4.1 884 30.42  65.0 
Dec  109.4  1.76 11.8 964 23.48  89.0 
Mean  98.8  1.50 13.9 927 25.73  58.2 
 
 
 
Table 7.    Annual  average daily discharge and loss of total phosphorus (TP), nitrate, total suspended solids (TSS, soil), total 
Kjeldahl nitrogen (TKN),  and soluble reactive phosphorus (SRP), from Oak Orchard, Johnson, Sandy, Twelvemile East, and 
Twelvemile  West Creeks. Data for Johnson Creek, Sandy Creek, Twelvemile – West, and Twelevemile-East Creeks are from 
Makarewicz and Lewis (1998, 2000a, 2003). 
   Creek    
Discharge 
(m3/day) 
TP 
(kg/day)
Nitrate
(kg/day) 
TSS 
(kg/day)
TKN 
(kg/day)
SRP 
(kg/day)
2008‐09  Oak Orchard  Events  560,291  52  630  7503  479  30 
   Nonevents 267,317  28  515  4148  267  15 
   Annual  827,608  79  1145  11651  746  46 
1997‐98  Johnson  Events  658,696  160  760  52,657  727  NA 
   Nonevents 237,154  18  344  1,841  174  NA 
      Annual  321,462  46  427  12,004  284  NA 
1997‐98  Sandy  Events  424,032  75  420  27,450  425  NA 
   Nonevents 160,824  13  279  1,722  112  NA 
   Annual  196,800  23  293  5,622  157  NA 
1999‐02 
Twelvemile 
West  Events  14,938  4  29  1,665  18  NA 
   Nonevents 34,405  2  34  194  24  NA 
      Annual  49,344  6  63  1,859  42  NA 
1999‐00  Twelvemile East  Events  21,105  4  32  1,680  24  NA 
   Nonevents 10,536  0.4  17  25  7  NA 
      Annual  31,640  4  49  1,705  31  NA 
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Table 8.   Annual  average daily discharge and loss of total phosphorus (TP), nitrate, total suspended solids (TSS, soil), total Kjeldahl 
nitrogen (TKN), sodium, and soluble reactive phosphorus (SRP), Oak Orchard Creek. Data from 1997 and 1998 are from 
Makarewicz and Lewis (1998, 1999). 
  
Discharge 
(m3/day) 
TP 
(kg/day) 
Nitrate 
(kg/day) 
TSS 
(kg/day) 
TKN 
(kg/day) 
Sodium 
(kg/day) 
SRP 
(kg/day) 
2008 
827,608 ± 26,410 
(28224 ‐ 3329804) 
79.1 ± 3.2
(3.1 ‐ 366.8) 
1145.2 ± 54.4
(90.6 ‐ 6583.2) 
11651.0 ± 690.7 
(81.8 ‐ 78495.6) 
745.9 ± 29.1
(37.1 ‐ 3632.8) 
21617.1 ± 683.9 
(628.3 ‐ 93933.8) 
45.8 ± 1.7 
(1.5 ‐ 180.9) 
1998 
956238 ± 69785 
(2392 ‐ 15046880) 
106.0 ± 9.5 
(0.1 ‐ 1765.0) 
1683.3 ± 313.4 
(2.0 ‐ 94043.0) 
10819.4 ± 1174.6 
(0.5 ‐ 323507.9) 
763.1 ± 82.2 
(1.0 ‐ 17454.4) 
25076.6 ± 2321.7 
(48.4 ‐ 310567.6)  ND 
1997 
855040 ± 30324 
(37964 ‐ 5516495) 
129.6 ± 7.2 
(4.7 ‐ 1163.3) 
1019.6 ± 58.3 
(33.0 ‐ 6929.3) 
12141.9 ± 1608.5 
(7.6 ‐ 398621.2) 
788.8 ± 44.1 
(32.6 ‐ 8335.1) 
15488.8 ± 435.1 
(799.1 ‐ 75615.1)  ND 
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Table 9.  The range of average concentrations of total phosphorus, soluble reactive 
phosphorus, nitrate, and total Kjeldahl nitrogen in the nearshore region of Lake Ontario near 
Oak Orchard Creek, August 2008 (n = 40). 
 Average Range 
Soluble Reactive Phosphorus (µg P/L) 2.1 0.8 – 3.7 
Total Phosphorus (µg P/L) 5.1 2.3 – 29.5 
Nitrate (mg N/L) 0.35 0.29 – 0.41 
Total Kjeldahl Nitrogen (µg N/L) 346 75 - 655 
  
 
 
